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IN'TROrkXIC'TXON 


The keen desire for expenmentation and keen sense of obser< 
vattottleada student of science to team things thoroughly and 
sometimes to reveal the secrets of nature. A student of physics 
is required to be more skitled in perfom^g experiments and more 
analytical in interpreting his results. Inside the laboratory a 
student is required to be perfectly disciplined to have the maximum 
advantage of the facilities available to him. 

Laboratory is the sacred place of learning and it contains 
things which are our national property meant to be used by stu- 
dents in their turn. One should know about the use of every piece 
of apparatus before he handles it otherwise there is every possibi* 
lity of spoiling or damaging it and such losses we are ordinarily 
unable to afford. 

In the present pattern of science education in our country 
where number of students are increasing and the laboratory facili* 
ties are limited; a student is required to make the best use of the 
opportunities available to him. Inside the laboratory one is 
required to have the keen sense of fellow feeling amongst his class- 
fellows, obedient to his iosiructors and generous to lab-bearers. 
To have the full benefit of his laboratory opportunity, be is re- 
quired to organise his working as follows:- 
(al PceparatioA outside the laboratory. 

|b) Peifoimance of an experiment. 

(c) Recording. 

PreparatloB outside (be laboratory— As a practice, generally, 
students are given a laboratory progninme in advance at the begin- 
ning of every academic session which has to be followed rigidly 
by every student in order to complete his practical work usefully in 
time. Ofeourse, sometimes, it becomes inevitable to re-adJust it 
duetocerlaio unavoidable reasons and students are required to 
take the'due notice of such changes in their own interest. 

As every student h aware of the fact that be has to perform 
a certain experiment OB Tixed date. He is. therefore, required to 
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prepare for the experiment before hand. It js ^ 

that a student should be very inquisitive to under 
of performing a certain experiment. This jn< 
naturally, lead him to think about the experin 
tneni of his i/tquisrttveness he will read the i 
principles. Its practical realization will make J 
apparatus required and Its particular use. He si 
keen to know (he limitations of his apparatus and 
meni cart be affected. 

To prepare for an experiment every siuden 
have an extra exercise-book, in nhtch he should 
formula to be used, explaining the symbols after ur 
relevant theory. A neat diagram and observath 
also be already made by him. If he has got some 
must clear them with the help of his teacher. To e 
proper preparation the teacher should put some ba 
the students. This practice decisively, will give bett 
PerforaiBC* of an experlmcDt— As soon as a 
mitted CO perform a certain experiment in the faborai 
collect alt necessary apparatus for that experimen 
them in a planned manoer. After ascertaining that 
the apparatus is in the working order, one should Im 
reed to perform the experiment and take all the obser 
pre drawn tabular form, lie should take as many ol 
he can take coovenhnlly during the alloted lime, 
piece Cf apparatus!* found to be not in the workirjg 
tain discrepancy Is observed In the different sets of i 
(be matter should be brought to the notice of the icac 


hy a siuder 
Ihe oincfTO 

,, „FU«J b, lb« oihtr 

•JoHtnuiiomlJltn."'*” nty ■koulJ he . 

Do fci. •wra»<i ll“ ' 

coca-jakstw , . ^ ,u. bct,nJ pri-iJcjl took. 


coca-jakstoi “ ^ ^ ^ jjt tconJ pri-iJcjl took. 


For calculation purposes, one should know how to use trigo* 
nometrical tables, log tables, square and square root tables, 
reciprocal tables etc. 

Sometimes the result is better interpreted in terms of graphs, 
therefore, plotting of graph and Us interpreUtkMi should also be 
studied b)’ students. 

Recarding— A well bound practical book is used for this pur* 
pose where right hand pages are ruled and left hand pages are 
plain. 

The experiments whose results have been approved by the 
teacher should be recorded in the practical book as far at possible 
before performing the next expertmeot. The method of recording 
IS given with each experiment descnbcd in the book but a general 
method Is pointed out below in brief. 


ExpcrimeRi No. 

Date 

Object 

Apparatus 

Diagram or figure 

Theory 

Frocedure 

Observations 

Calculations 

Result or laierpreution 

Percentage ertct 

Pre^muiions 

Sources of error 


tOn the sop of the ruled page) 
to the left hand column of iherighi 
hand side ruled page. 

Right tide 
Right tide 

Plain paper on the left tide 
Right tide 
Right tide 
Right tide 

Left tide in neat manner 
Right tide 
Right tide 
Right fide 
Right tide 


After recording an experimens it shouldbe proOiKvd before 
the teacher for exaremaiion before the nest assifnrd ext’vnmeni 
is started. 

Ute «f Bsthrattlcil itklev~Use cf rsathematical tables 
except the log tables is simple aad one can pick up their use juit 
being properly instructed. The me of log lab'es need some nsder* 
ttanding and we discuss ihcir use in short. 

The expression 



roathemalically can be wrilien a» 
loggb=n 

K is read— log of b to the base a is equal to n. For example 
10^ =100 
10^ =1000 

can be expressed ai logarithms as follows 
JogjQlOO =2 
IogjQl000=3 

G=n=n.llyforlhc purpos'^ of oaMalioos 
svith base 10 and four figure lables. Log tables are use o 
form multiplication, division, esolution and invo u m . 
basic rules of these operations with the logarithmic system a — 

If x=abc 

Then log x=logabc .j. 

= loga + logb+logc 

.r ^ 

Then log y= log -y 

-logc-logd 

ir 

Then log x=log (5) 

=n log a 

If y=ni/Tr 
Then logy=log'V'^ 

, (4) 

— J-log b 

o-y “irSuTc..- o? ■■■“ 

- -“-Si'"—-"""*, 

ba* ^ 



INTRODUCTION 


(i) la case of quantities greatei than one, chaTacteristic is one 
less than the numbei of digits. Foi example, characteristics of 47 J9. 
47J-9, 47*39 and 4-739 are 3, 2. 1 and 0 respectively. 

(ii) In case of quantities less than one the characteristic is 
negative and it is numerically one mote than the number of zeros 
following the decimal point on the right side. The negative nature 
of the characteristic is represented by the small horizontal line 
over the number expressing the characteristic. For example, charac- 
teristics of -4739, -04739, *004739, *0004739 are respectively T 27 3. 
and"^ - 

DeieimiaatioD of mantissa— In fact log tables are used to 
determine mantissa. For all the numbers from 4739. .. *0004739 
the mantissa IS the same and independent of the decimal point. 
First we locate the first two digits in the Tint vertical column. In 
our example me locate 47 andt hen in the horizontal to column of 
47 we note down the number below the third digit. Here we shall 
note down the number below 3 which is *0749 and then to this 
number we add the number ^veo in the mean difference column 
below the fourth digit 9 in the horizontal column of 47 This 
number is 8 from the log table. Therefore, the mantissa for 4739 is 
(•6749+*0008 s*d757). When mantissa j$ known, it is combined 
with the charaaeristic to gee (he log of that quantity. 

The following examples further explains the process ofgetl- 
isg log for a quantity — 


S. No. 

Quantity 

Charac- 

teristic 

Maniisa (Irom 
log table) 

■Jog'of the' 
quantity 

1 

4739'^ 

3 

•t74V-F 0008a-6757 

B7T7 


473*9 

2 

•67S7 

2-6757 

3 

47*39 

1 

•6757 

1-6757 


4-739 

0 

•6757 

• 0 6757 

5 

•4739 

1 

•6757 

' 1 -6757 

6 

•04739 

2 

•6757 

2-6757 

7 

•004739 


•6757 

■ 3 -6757 

8 

•0004739 

4 

•6757 

1 4 -6757 

9 

•00004739 

S 

•6757 

5 -6757 


To find aotilogarllhiD For this process first mantissa is 

used. It is very similar to the process of taking the mantissa of 
a quantity. First in the aotilogarithm table the first two digits 
of the mantissa are located and then the tiumber in front of these 
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hfJow Jhc ihirJ difiCSff written. Finjfty th-msin cfifi 
cofre^ponJmg the fourth digit i« sJJed to the prcviouji/ 
number. The decimal fo thu witf be dedJcJ on the bj 
the chitrnctefiitic. 

The foitowin* etAmfite giver the who/e process. 
tOOO.^ 4x980;<2S0 
3-|-li*(0-fl5j*x(b062 

Jog Ya=!og {1000+ log •!-»> Jog VPD-f Jog 250}~-{tog J-J4 
+ 2 Jog 0 05+ Jog 0-062) 
log 1000 =3-0000 
Jog 4.a0-602l 
log 980=2-99)2 
log 250 = 2-3979 
Add ^8^12 
T-6876 

hriir'crence = 1 2-3036 
log V«l2-3036 

YsAntilog 12-3036 
y«2-OI2x 10J*d)’fle*'Sfi. cm. 

AJete:— Bf/ore i/jJng rAe /o,writAm/c)>roeesi q/^ ealeularhns, ‘ 
must so)ve/or adJiiion and tubtraeiian and express 
quantiiies In decinial fracfion. 

Graph md its uses — In the stud> of certain physical phei 
menon a grapJt is plotted between tJie indcpendeot and depends 
variables always taking the independent variable along the X*a' 
and dependent variable along the Y-asis. In plotting the gra; 
the following points should be taken care of : — 

• (I) Suitable scales for independent and dependent variabh 

should be selected so that the full graph paper is used. Thes 
scales must be mentioned along the axis. 

(2) The origin should be seJecled properly depending oi 
whether variable quantities arebofJi positivcorone positiveam 
another has negative value also. In case both are positive, ihi 
Tower left comer can betaken os orJ^'n. If dependent variabh 
has negative values also, then middle point at the bottom should 
Iff taken as origin. 


tog 3-142=0-4972 
Jog 0-05 =X-6990 
Jog 0-05=X-6990 
log 0062sr'2'792* 
AddssT'W76 


tNTRODUCriON 


{3) The poinls on Jhe gTai>h paper art marked as dots or 
rmall dales etc. After marking all (he points the smooth curve 
should be drawn which may pass through all the points or equal 
number of points eaUt on either side of it having about the same 
distance from the curve. 

Graphs are osed— (a) To prove certain laws, for example (il a 
straight line plot between load and etucRston proses Hooke's law. 
(ii) a straight line plot between P and proves Eloyle's lavs. 

(bj To understand the dependence of dependent varvable on 
independent variable. For example the tinighl line plot between 
resistance (R) and length of the wire ( I) shows that resistance is 
directly proportional to the length of the wire. 

(c) Tofindouj certain variable quaniilies accurately. For 
example In the constant volume air thermometer experiment, two 
points are taken on the cum and p vs calculated from these iwc* 
valuesonly. It is equivalent to calculaiing with different sets of 
obsenations aod then averaging the results. 

In the Newton’s (aw of cooling experiment, late of cooling is 
determined from the graph. 



I 


j^iction 


— rfic“ of srotll^ 

I'.l<ll»»-Wht" » *0^1 '• l”"'‘' I^' ’“f co»ua H''’ 

»n ppp»»»ns f'^'« *>■****• •*’“ Knrtjcf the 
opp.>*lnir force M prcxliiccJ due '® '®!'/'^„pcrty cf«het«5y 

and H lend* lollop the mo%lii< body. T ^ Ukoo«^** 

j*ained/r/«-</n'»"n‘J the fon* opposing greater for 

.he/orrea//e/r/fo«. The force of fncl.on i. .l*ay* T 

dry surface*. ^ pn the 

Ltalllw r.lcllon-WI>«» the pull to move 
sutraee or anolher it *, j* ,,.te of 

the hoJy jutt .tap. to move. e/K»'«« 

e^umbrhint and the opposmf force is called the/ 



XV (Fig- 
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FRICTION 


the reaction of the plane 'R' in the upward direction, where 
R=W according to the Newtoa'a third law of motion. !f parallel 
to the plane a pull P is applied to the body, the force of friction 
r acts opposite to P. But on incteatiag the pull P slowly a slate 
IS just reached when the body lends to move which is the state of 
limiting equilibrium. In this state the force of friction is maximum. 

Let S be the resultant of the upward reaction R and limiting 
force of friction F, then the angle between S and R is known as the 
angie of friction. The ratio of the Ijimiing force of friction F and 
the reaction R is called the coefficient of fnciion and generally 
wiiutn as 

F 

R 


Since F=:Ssin « 

and RsScostf 


Hence tan fs ^ sb 

The limiting valuet of b are— 

asO, (or perfectly smooth surfaces 

aw 1. for perfectly rough surfaces 
Laws cf llmltlnj: frletloa 

1. The force of (fiction am lA the dtremon opposite to the 
direction of moiion. 

2. The ratio of the Imtiting force of friction and the upward 
reaction ii known ai (he ooeffs'ieat of friciion. 

3. The cocffrciCBt cf friaxm depends On the naiurecf the 
surfaces In contaa tod the upward reaction. ]| h i-.dcpcRdcitt 
of the shape and area of she vuifaces 

EXrCItIMtVT I'l 

Okjeet-'Ta dettrwiwc S>* rueftlrteat •{ (rlrtlM f») Wtwtew 
tw« pliae tarfaert. 


Apparataa— A woodea rrctanpular base haiinj the p'aot 
f'.sii lop arid as one side ntted wnh a a-»Oir.h pu'kw.a rrft*rft.Ur 
wocwlcfi Vtoci fitted with rwt stvA, ahread. pan, weiphti and tpim 
le«L 





Formala 



Where /•= coefficient of CricUon 

F= Limittiig force of friction 

Weight of the pjn + weights placed in the pan 
R=s Normal reaction 

= Weightof the rectangular wooden block+weigf 
placed on this Mock. 

Afftbod 

1. First of all weigh the rectangular wooden block and tf 
pan. Suppose their weights are Mj and Mj respectively. 

2 Level the apparatus with the help of the spirit level an 
make it horizontal. Then place the wooden Mock over it and ll 
(he thread (o its hook. Pass this thread over (he pulley and fattei 
(he pan to (he free end of the thread. 


f 



Fig. 1.2 

V 1 p-jcea weight MiOn the wooden block and then piste 
*r'rJ3tc« Iks pa"- Incjeaic the weight In the pin gradu.illy till 


«^,nstn.7crfne»t d.ffsrsnt weight. rmth* 

*' rsy bh-t4». 

*c»xJe* Hi'i'k' t' ' ' 


FRICTION 


Ol)semtl0DS 

Weight of the wooden block s=Mi gm. 
Weight of the pan =sMj gm- 


Serial 

No. 

Weight 1 1 *•«■« of 

placed on Reaction 1 Weights 1 friction 1 

the block ,R=(M,+M,l placed on theFfsrMj+W^l 
Mt BM j gm pan Mj gm j gm ] 

F 

'■'R 

1 

2 

1 




3 

1 




4 


1 

1 


6 


i 

i 



Since, Fa(M, + Mj gm 
and Rs(Mi4Xft) C<v 


Renll 

Coeff ideal of frtctkm between gl»»i and »-ooilen 
Surface ^ = 

Standard 

rerctntage er«r= \ 
rrrcaatloM 

1. The lower aarface ahoold he hwire^tal. 

2. Tulley thoold oTfer lct»i prwa'.Me frkiktQ. 

5. The thread fre>*i hook paur-g cnerihe jr-Jiry ahould 
retnaia horizontal. 

*. Incaae Ihe eipen-iert h TTpeated whh differrei hViota, 
they ihouW he e^aallj foe|h erd *hos>'4 be e^aaDydryor rxin. 




EXPERIMENT 1.2 

Object To find oot the coefficient of friction between two 

giTCD surfaces with the help of inclined plane. 

Apparatus— Adjustable inclined plane apparatus, a rectan- 
gular block of wood, weights and spirit level. 

The apparatus consists of horizontal wooden base WBand 
there is another plane I P which is hinged at H and can be kept 
inclined in the vertical plane at any angles with the horizonta 
plane with the help of knob K and the circular scale CS. (Fig. 

Principle— We have already seen that the relation between 
the angle of friction and the coefficient of friction is 
/i=tao $ 

If 8 ii dcltrmmtd can find oul . .«ilh Ihc help of Ihclanfml 

" ® ‘ tables. As shown in the 

Fig. Mt a wooden block • 
of mass M, with a weight 
M, placed oa It. i. e., the 
total weight W=(M,+ Mi) 
is placed on the plane IP 

and the inclination of IP 
is slo'vly increased till 
jhe wooden piece along 
with its weight con just 
,lidc. We can perform 

FssW sin B 
.nd R='V COSO 

Hence 



>rsoy 


Nfcthod 

t. Level the base WB with ibe help of the spirit ktel. 

3. Place the wooden block on the inclined plane IP and 
adjust its incHnation tuch that the Mock may itart to slide down* 
wards. If necessary lap the plane penll). Fix the inclination with 
the help of the knob K. 

3. Read the angle of incUnatson with the help of the citmlir 
scale CS 

4. Repeat the experiment after placing certain weights on 
the wooden block. 

5. Repeat the experiment with other fai-e* of the wooden 
block towchinj the plane I P. 

Obsrrratlons 
ObserTtlloa table 


Angle of friction 
for first face 0 , 


Angle of f/ntion 
for second fate 


Asetage 

es«-:e' 


Bl»n9 


Asrrire »- 

Rnall 

Standard resell •• 
rerwfttage emwis •. 
rreeaetinas 

Same as in case of pressman espetmeet 
Oral ^wrseiwas 

I. ■Wi'hat is the tiwiiirg force cf fT«vnks» » 

3. Wkat ate tl>e fart.m g'’iTT«-t ibt fo*<e rf 

fri.'tioB ■ 

3 Stale the tiwsof titeeing (rs^snn 
a. T.xpSam the tm* fsrrwal eeac is.iw 
S tVfVne th* C!!w<Ti»Srsi Mf'v-s’W 





6. Give some examples where you have realised the phei 
minoQ of friction in daily life. 

7- What is the importance of friction in daily life 7 

8. What is the practical importance of the study cf <i 
coefficient of friction ? 

9. Docs the force of frictioq depend on the areas in contact 

10. How does an error occur in the coefficient of friction 
the pulley is not perfectly smooth 7 

1 1. Do you think that the imlley is completely smooth 7 If no 
then what happens to your results 7 

11 Define the angle of frietkm. 

13. Does it depend on the normal reaction 7 
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YOUNG’S MOUUUUS OF 
EUASTICirrY 


£Ustit{(y-~A t:c<ly, cn the epplkstion cf an estetna! force, 
undergoes a change in iU shape and aiae and on (be v^ithdranal of 
the (fc/oc/n/n? /orce it regains its original position, Ihen it is said 
to be elasiie. This property of the (natter it railed tlasHeity. U 
on (he aithdratra)- of the defoiming force a body returns toits 
original position ccinpletely, it is said to be perfectly elastietnA 
otherwise the deformed position is retained exactly, then the body 
is said to be perfectly plajtic. Perfect elislicily and perfect pJaiti* 
city are the two iimiting cases and all the material todies adjust 
hetweeo these two limits. 

StialQ^The tnurnal fotce deforms a bedy. The d<fcitna> 
tioR is considered relative to its oritinal sire and shape. Suppose 
a wire of original length L cm is increased in length hylcmby 
applying a force F. Then the strain H measured as the ratio of the 
increase in length to the original length. 

Longitudinal straia e 

Similarly a body of the originat eolutne V r.c. undergoes a 
charge of V r. c. in its volumccR (he application efaa external 
foice, then, 

Volume strain 

Obsiously. the strain has eo unit beisgthe ntiootthetwo 
rtoantities of (he same nature. 

Stress.— Wherever an eaSeraat fsoce ss applied o« a body, it 
Is dcfwmed end an internal rcaaiew it deselcped wUhta the body 
which tend' to bring the besjy toittongicalpotiiioa. The iBiefoal 
reanloo t» cecal ar-d rppcsisc toihr drreerirg fcrce wiibin rUiiic 




YOUNG S MODULUS OF CLASTICin' 


FJSPEIGMIlN'Ta-l 

Apptrttmt --A roonj'i tnodulut afpartiut, a metre wsl#. 
ttciphti and a acrcw 





rKACTJCALP} 


(2) Put ccftaio neight in the hanger of the experimen' 
Wj to remove kinks. 

(3) Measure the length of the experimental wire W 
lower end of C| to upper end of C, . 

(4) Now adjust (hedccular scale to bring the bubble 
centre of the spirit level. Load the experimental wire in thi 
of 1 Kg. With the help of the circular scale bring the bul 
centre of spirit level and take down the respective reading* 
main scale as well as the dreuiar scale. It can be loaded 
6 kg, 


(5) Unload the wire In the steps of I Kg. Adjust the 
level and take down the respective readings. 


(6) Pifld out the mean reading for each load with the 
of the readings taken Hhile the load increasing and decreasing 

(7) Plod out the increase in length for certain load ma 
use of observations in a systematic manner. For example, subi 
ting the readings for loads 1,2,3 Kg from those of 4, 5. < 
respectively. Thus three sets for IncTcaie In length for 3 Kg I 
are obtained. Calculate the mean value. 

(8) Note down the piicb. least count and zero error of 
screw gauge. Measure the diameter of the experimental wir« 
least at fouTdiffetenl points and at evty point In mutually peeptt 
cujar directions. Calculate mean diameter and then find out 
radius of the •{«- 

(9) Finally calvwlate the Y uimg the formula. 


Obser»«thr“« 

Pi(d» of th: spheromeler i-m 

tout count of the ipber-mietef ~ om 



■ hmgthof thewire 


L-:iJcm 


YOUNG'S MODULUS OF ELASTICITY 


Observation (able for extension of the wire { 1 } 



Mean e.ttenstoft-Ollficra 
for 3 Ks 

Observations for radius of the wire. 

Pitch of the screw jaoje » cm 

Least count of (he screw.. cm 

Zero error the screw faoge- 
Observat'ton labte for radius of wife(r) 





Calculatron$ 


v_ MgL 
7rr*I 


3000x980x 245x7 
2yx-042x'042 x-136 


/ 3 X98X245X 7 \ 
\22X42x42xt'36 ) 

XIO** 


xio 


li 


X stands for the quantity inside the bracket. 

log 3^0-4771 fog 22= 1-5424 

Jog 98=. 1-9912 2 log 42=3-2464 

iog245-2-3S92 log 1-36-0-1335 


log 7-0-8451 Add -4*7223 

Add *5-7026 
4-7 223 

•'Diff. -0-9SOJ' 

Antileg 0*9803-9-557 

Y-9-S57X10** dyncs/sq. cm. 


Kesnlt— Young's modulus for brass,Y-9-5S7x JO^^dynes/sq.cm 
Standard result, Y-9*9xl0** dynes/$q. cm. 

Percentage error— % 

..Precaatloos— (1) There should be do kinks in the nire. 


(2) Wire should be loaded and unloaded gently and some 
e should be given before taking the observations. 


.(3) Load should sot increase more than half the breaking 


(4) Bubble should be brought in the centre of the spirit hrcl 
>re taking the readings. 

(5; Reading for radio* should be taken more carefully at it* 
ire appears in the formula. 

EXI»EHIMi:.NT2.2 


Object— Yerify Jlecke’t !»» 
Agp*ralu»-~-y£>uBg'* modoJu' apparatus, load*. 



I S. No. 


YOUNG'S MODULUS OF ELASTICITY 


n can also be proved by sbcmuiS that 
Load a «avens»P« 

Melbod— Same as in (he etpcriiocnt 2 I esi:epl (hsi the ladtus 
of the wire and eatension for certain filed load need not he found 




I w :-2 

».-»a 'I* \ - n-. ► , , v 

)iiw t* •• u> thr Z1 
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PRACTICAL PHYSICS 


Resott — The graph plotted between foad and extension comes 
to be a straight line which proves the Hooke’s law. 

Pmaatioas^Same as in experiment 2.1 
Oral qoestioos 

(1) Explain elasticity, coefficient of elasticity, elastic limit 
and elastic fatique. 

(2) Define strain, stress and Young’s modulus of elasticity 
and mention their respective units. 

(3) State Hooke's law and how will you prove it. 

(4) Explain why two similar wires are used in the Yovag’i 
modulus apparatus ? 

(5) Which is more elastic, rubber or steel 7 

(d) What is the significance of Yeung's modulus in praetiaJ 
life. 

(7) Explain why do you use the micromeier screw to measure 
the extension while the metre scale or tap for measuring the length 
of the wire 7 

(8) Why do you measure the radius of the wire more 
accurately 7 

(9) Explain the fcrms—Pitch, least count, xero error and 
backslash error, 

(10} How do you eliminate the backlash error ? 
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SOYX^B'S Z<AW 


The study of the gaseous state of matter is in faet the study 
of variation of its volume, pressure and temperature tn a systematic 
manner. Every gas below (he critical temperature is known as 
vapour and it is liable to condense if pressure is increased. It was 
Boyle who first made a systematic study of the dependence of the 
volume of a given mass of a gas on its pressure when icmperaiure 
remains constant and the relation observed by him is known as 
Boyle's law. His observation is not true for vapour state. 

Coyle’s law states "The volume of a given mass of a gos at 
constant temperature is inversely proportional to its pressure.” 

IfPaodV ace (he pressure aod volume of a given mass of 
a gas at a constant temperature T, then according to Boyle's law, 
we have 


P « 


•V 



or PV ( constant } 

When the pressure of the gas is varied isothermilly. i. e., by 
tnaintsinlug thecoastaot temperature, the volume aUo changes 
and according to Boyle’s law. «e have the following relation-* 
PiV,-p,V|-P,V,- -K ( constant ) 


Where Pi. P*. P, are (he differem pressures and \’i. V’*, V, 
arc the correspondiag vrolumes of the gas. 

UaitatiOBS of Boyle’s law 

I. Boy le's law is accurate at low pressures and does not hold 
Uoe at very high pressures. 
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2. r^>r ordinary i((«aoniM{e at^certain lemperajure 
kftn»n*»fV.yJe*»iemre«taff. IlayteU Umpfeatare h thKc tim<s 
the cTllkal lempcraiurc fcf a fat, 

J. Vapngfj Jo not obey BoyIe‘« law. Ifwalcf vapours are 
ffcseot in any ja*. on incrcanoi the pressure rhe gas may f>e 
saluraleJ wjh water vapou/f. 

For iJeal gases the Doyle's law is vigorously true for all 
ranges of temperature anJ pressure hut real gases suffer from 
i.xrtain limilatJons which have been fointeJ out above in short. 


EXPOttMCST S'S 


Object— Verify Doyle's law. 

Apparatus— Doyle's law appanilm, a barometer etc. 


Description of the Boyle's law apparatus— ft consists of a 
vertical wooden stand fitted with a metre 
scale S as shonn in the Fig. 3'1 and there 
are two slots on cither side of the scale. 
In one slot there is fined a tube C gradu* 
ated in cubic centimetres with its upper 
end closed. In another slot there is fitted 
an open tube O. The tube O can be slided 
up and down in the slot. Both the glass 
P»P*+*» tubes sre conrteeted by rubber tubing R T. 
The rubber tubing and a part of tubes O 
nnd C contain pure mercury. There is dry 
air enclosed in the upper portion of the 
tube C. The base of the apparatus is 
fitted with three levelling screws to make 
the scale perfectly vertical. ' 

Theory — Boyle’s law states that the 
solumc of a given mass of a g** varies 
inversely to Dsjorcssurc when temperature 
remains constant. 
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Let P and V be the pressure and the %olome of a given mass 
of a gas respectively. 


or PV —constant (k) 

Hence according to Doyle'i law 

P,V,-P,V,-P.Vs- K 

If the gas is eoctoscd in a tube of uniform cT(H«.teci>on V oc I 
uhere I is the length of the air column. 

Therefore, according to Doyle's law, wc have 
Pllt-P»l,-P,la- 

and ^ ® T 

Method 

1, Read the atraosphetic pressure and the toom temperature 
with the help of a barometer and a thermometer respect irtly. 

2. Make the apparatus petfealy sertscatwiiK the help of 
teselling screws and raise the open tube Otoa conveeient height 
as shown in { fig. 3 I 1. Now talc donn the readings of the upper 
end of the tube C and the poiitKws of consea meniscus of mercury 
Sn both the luSes C and O if C is fradnatad.tbe sblcme of the 
ptscanbe read directly. 

5. Note the dJferenee rf the elmrd end of C and the cceivva 
meniscus of mersnirr tnCubwh gi«esl. s.«.,the height of the 
ssslumn of gas. 

d. Sole down the d.ffe'cnce cf mercUTy meniscus in the 
tubes C and O and let si be h. As it ts detr frrea the fig. 3 I the 
pressure ssf the gas isgreiier thsn ihsiof aimnsphere by h. Tbert» 
fore the gsspmswre P— simosphericptetsure P, wh 

d. ItKml) slidethe (ubeO d'>WR«ards hi steps and tale 
d.'wn at least sJs resdisgs wnh The gs* p^s»*e r»ctter ihsti that 
of atnv'spfcere. 
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6. Then sIWe the tultcO In ««di n wnythat flic mercufy 
te\clin<)i% lower (htin Ihal ofC 
nnJ In ihcie ca'ct the (ins pressure 
Is less than ihni of fllmospherca* 
shown In the fgi. .V3. Tnke down 
nt least si\ itailinsH when the pe 
pressure (i tessihnn the ntmoip- 

herk* nressuff. |,t these eases the 

>«» pressure P~niniospheric 
pressure I* h. 



7. Apain tend the atmos- 
pheric pressure and the room 
leiuperalufc at the etui of the 
csperlwent. 


ibsmellon^ 

Annoiphcric pressure in the hejilnnlnit- ein 

„ „ In the end •• cut 

Mean atmospheric pressure 
Room temperature In the hcftlnnlnj « 

„ in the end -• 


BOYLE’S LAW 


27 


CalcuUtlons 

ResttU— The product P V is constant which proves the law. 
in case the t«hc C »s 
not graduated in c.& 
the graph between P and 

isptoued. 

When a graph bet- 
ween P and -y is drawn 
it comes to be a straight 
line as shown in the fig. 

3-3 which further veri- 
fies the Boyle’s law. 

Fig. 3-3 

Precaattons 

1. Sometime should be given before taking each reading to 
ensure the change to be isothermal. 

2. The mercutty level shoold be read for the highest point of 
the convex meniscus. 

EXPERIMENT 3'i 

Object— To find onttbe ahiMspberic pressure using Ibe Boyle’s 
taw apparatav 

Appsrato*— Same as in the previous experiment. 

Theory— ( i ) From Boyle's law, we have 

FiVt-PtV, 

Where Pj and P| are :hb|)and (P^ ±hj) respectively 
Therefore, 

(Pa ±hj)V, - tv, ±ht>V, 

If h is positive on both sides, then 

(Pa +h»)Vi-(P, +htVV* 

P* (V» - V,) -hjV, _ hiVi 



Similarly P, can be calculated from differcnl sets of readings. 






BOYLE’S LAW 


29 


CalcoUtioos 

Resok- 

Atmospheriu pressure -= cm 

Correct result at that place = cm 

(From barometer) 

Percentage error = *1. 

PrecantioDS— Same as in the precious experiment. 

Oral queslioBs 

1. Explain Boyle's law. 

2. Point out the (imitations of Boyle's (aw. 

3. What is an isothermal change ? Give some examples of 
such changes. 

4. What do you understand by ideal gas and real gas ? 

5. What is Ihe difference between a gas and a \apour ? 

6. Explain the critical temperature of a gas. 

7. If there is water vapour in a closed tube, will the Boyle's 
law hold true 7 

8. Define pressure and mention its unit. 

9. What is atmospheric pressure ? How do you express it 7 

10. How will you express it in usual units of pressure 7 

11. How do you find the pressure of the gas enclosed in the 

Boyle’s law apparatus 7 

Why mercury is preferred In the Boyle's law apparatus 
over other liquids 7 

How do you ensure the change tohe Isoibermal in your 
experiment 7 

. Explain adiabatic change and give some examples of it. 
What do you understaod by Boyle's temperature 7 Whii 
is its sigoiricanoe 7 
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rRACTiCAtTUriK 


i’tOttiUTt 

1. Tut iurfkrknt water in th4 holier and pat it oa the 
bnrncr or heater. 

2. Make (he electric connection* a* shown in the figures 
4'J and 4'i 

3. Note doun the pitch and the least eouot of the 
spherometcf. 

4. Measure (he length of (he experimentai rod. 

5. Pul a thermometer through the cork in the jacket j'usl to 
make its huth touching the rod and note down initial temperature. 

6. Toke the initial readiag of the tpherotaelet when its 
iniddle leg is made to touch the free end of the rod. The contact 
is ensured by the defleaion in the voltmeter. Read this setting 
repeatedly and record in the table. Rotate the spherometer such 
that the free end cun expand freely. 

7. Now pass the steam in the jacket and wait till the 
temperature of the rod becomes constant. Note down the 
temperature. 

8. Take the final reading with spherometer and repeat it 
number of times. 

9. Find out the mean expansion of the rod and calculate 

for a. 


OhserratioBs 

Initial length of the rod ai room icmperaiure- 


Initial temperature 
Pitch of the spherometer 


Least cjunt 


Final temperature 


cm 

‘’C 

cm 

cm 

*C 
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Calcnlttions 

hi (tj — li) 

O.CftiS Since L«-'Lx'«0.06S cm 

50ax(9a75^-^T"' an(JLi-50.1 cm 

0.065 

ion X 68.5 ■ 

togO.D65-‘~2.Sm I Jog5D.)-h6998 

3.5355 Jog 68.5^8357 

Diff." 5.2774 I Add -3.5355 

log «-T-2774 

*-«ntilog”s JI774 

or «-O.OOOOI67 per degree centigrade 

Rnolt 

Standard mult- 
Percentage error— 

Prreaatlooi 

3. There »hou^4 be inVen •waiti » the boiVet. 

1 Rubber tubings should be ptopeily placed to aaoid the 
collection of condensed water in then. 

3. The end of the eiit rubber tube should be dipped in 
water so that steam coming froa the jaelet my be cMdensed. 

4. Spheromettt readiikg should fe lahen when tmtact h 
ensured by deflection in the voltmeter. 

5. Each lash error should be avoided. 

d. For finsl reading the temperature ahould he eonttaai 
for 10 minutes. 

Oral Qucstloas 

{. Oefine the oueCftcient of (iaear eapaesion and ncoiioa 

it« unit. 

2. Wtiirdo you use epherometer to find the etpaasion sn 
irngih 7 

3. Whit b (he oe of electric circuit ia this etpenreetit. 

4. What is the practical importiace of the Inoulcdgr of 
coefficient of linear expaeton t 

5. Why some apace {a left berates lao pieces of rail 7 

isespenaicni 7 
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THERMAi:. EXPASl 
OEEIQUJ 


In eeneral all liquids expand on heatin; except water bei 
O^C and 4^C and some aqoeous solutions, liquids do not have 
own shape but they acquire the shape of the containers conta 
(hem. The cubical expansion of liquid, in general, consk 
relative to (he container. If we nepJeci the expansion of 
container, the expansion of liquid is apparent expan 
which is less than the true expansion. When account is take 
the expsnilan of the coatalaer, then it is called the real ea{ 
sioo. Thus (here are two distinct cnefficienti of cubical expand 
of liquids. 

CeefficienI of apparent expaasinn 

It is defined at the apparent increase in volume per ui 
volume per decree rite in temperature when the liquid ii heated 
a container which expsode on heating. It It repfctenied by 

Coefricfest of reel rtpa»«|«o 

It is defined as the acrual increaso in volume per unit volum 
pee mtk degtee toe in iroiporaturc. If h teprtieaUd by . 

Cg if greater tbanCj, by the cwfficfcnt of cubical expan* 
ti.’n of the mjtnul of rh« eonutntr. If liquid is eoataiotJ In 
t flits vetsel and •Mffktrnt of cuftiv-af espendoit of |teM 
i»C 

C- - C. -a C\ . 
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EXPERIMENT 5.1 


Object— To detetmine the coetHcieat of oppatent cubical 
expansion of t Uqold nsing a weight thermometer*. 

Apparatns— A weight thermometer, liquid, thermometer, a 
balance, weight box, water bath, burner or heater etc. 


Fomnla 

Where 


C 

S M, XI 

«>Coefrident of apparent expansion 


m^roassof liquid expelled from the weight thermo* 
meter on healing up to coostant temperature 
I temperature of boiling water ). 


Mj *Mass of liquid left in the weight thermometer at 


the boiling temperature of water. 


t’-differeoce of temperature of the boiling water 
and room temperature. 

Proeedore 


1. Wath (he weight thermometer with nilric add, dry it 
and then weigh U empty. 

ITofillthe liquid in the weight thensoaeter, suspend it 
from a thread and dip its mouth 
in the hot liquid conlaiaed in a 
beaker as shown in the fig. S.t. 

Now heat the weight thermo- 
meter so that air inside U will 
expand and will go out. On 
cooling the air inside it contracts' 
and the liquid rushes in. 


*The tpecijle graiisy boltle may be used in place of a weight 
thermometer and In working It Is Sery nnvenlnet: ■ ■ < 
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3- Again heat it so Iftai some air wUl ix> out and cw cool/fl? 

more liqoid will rush into lb* 
weight Ihennometer. 

4. By alternate beatin? 
and cooling fill the weigbi 
ihennomeler completely wilft 
the liquid at the room tempt- 
rature. Wipe it and find out 
its mass with liquid. 

5. Suspend the weight 
Ihennometer in the s/atet 
bath with Its mouth inside 
beaker as shown in the fig- 
5.2 and then heat it. 

6. The liquid from the weight thermometer comes oat in the 
beaker on heating. If continues till the boiling point of water Is 
reached and then no more lipoid fIo*fs out. 

7. Wipe the weight thermomeier. cool it and then weigh it. 

8. Take down (he room temperature. It is belter if it is 
taken at the beginning of the eaperimeot also. 

9. Calculate the coerfictenc of apparent cubical espanilon 
of the given liquid. 

ObserratfOBs 

1. Mass of the empty weight thermometer 

2. Mass of the weight thermometer filled with 
liquid at room temperature 

X Mass of the weight thermometer filled with 
liquid at boiling poiai of water 

4. Room temp, at the befianiagef the ttpetimtni 

5. Room temp, at the end of th* eaperrmeat 
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CalcnladoDs 



logC^ -(log 1.54S)— (lo* 5L260+log 73.5) 

log I.54S-0.I8S9 I log Sl.26-1.7098 

3.S761 I log 73.5 -1.8563 

Diff. - 4 .6728 I Add -3.5761 

log 1 

Cg — Antilog ■4" .6128 
-0.0004101 pef*C 

Rmit 

Coefficient of apparent cubicat capansioo 
of the given liquid - 
Standard result — 

Percentage error — \ 

rreeaatloB* 

1. Air bubbles should be removed from the »ei(hl 
thermometer. 

2. Liquid thould be heated before fillmgio u\e lhe»eight 
thermometer from crackiag. 

3. Weight thertnometer ahoatd be handled gently. 

4 . In transit no liquid should oorae out of the veight 
thermometer 

Oral Qaesitoaa 

1. Defise the coeiTictent of apiMreoi vubtoal eapaniton aed 
mention its imii. 

2. How do you relate the «v«frktmf appareai cipaevnia 
to that of real espaasioo 7 

3. WTiy do you call it meigfai Ibermiimerer ? 

4 Can you rind out C of all liquids by ihn ? 
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5. Does a liquid expand uniformly at all temperatures ? 

6. What is the pratical application of the knowledge of 
thermal expansion of liquid ? 

ffoie — The same experiment ean be performei with the help of a 
specific gravity bailie anjit is easier to fill the liquid 1" 



this botlie than in the wetght thermometer. H'r need not 
heat end toot U alferMte/p ta/itl the Htfuid. Rett ef 
the ptotedure it the same. Specific grarily bottle It thowa 
in the fig- dJ •then It it heated to'erpefi the hqaij out of 
it at the bolllat temp, af mater. 



6 

CONS’TAK'r VOU^UIVXX: OAS 
‘TXXBRMOIVIEITER 


The state of a gas is characterised by three quantities, viz, its 
pressure P, volume V and tempentutc T. These quantities are 
interdependent and their dependence is studied by keeping one of 
them constant and varying the second to ttady the variation of the 
third. Here the volume of a given mass of a gas is kept constant 
and by varying the temperature the variation lo pressure is studied 
which gives the law of pressure. 

The variation of pressure of a given mass of a gas is uniform 
with respect to temperature when volume is kept constant. This 
property is used for measuring temperatures hence the apparatus 
to study the variation of pressure with respect to temperature when 
volume is kept oonslint is called constant volume gat thermometer 
rreasare coeffldent 

ll is defined at the tatio of the increase in pressure of the gas 
at constant volume, per degree rtteof temperature, to us pressure 
•t c*C, If and P be the pressure of a given man of a gas, 
keeping its volume constant, at o'C and t*C mpectively, then 
P-P, U4-P0 

Where ^—pressure ooeff meet 



EXPERINIRNT**! 

Object— Siedy the rartatloe «f p Tresarr with icwprratere 
eslag ceasttal veleme air thtfiasiaitee asd drtnlM Ih* prtnare 
coetnrieai ef aU. 

Agparatn— CVwisianI volurae air thermometer, ordinary 
ibermoiaeicr, tripod stand, water bath, stirrer, wire gauge, 
burner etc. 
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2 . Immerse the glass bulb G B oompleiely in the water inside 
beaker B as shown in the f ig. 6A and read the initial temperature 
(rcom tempetatuie) after stirnng the 'aalet. 

3. To keep the volume of air constant fix a mark and it is M 
in case of fig. 6.1 

4. Read the atmospheric pressure with the help of a Fortin's 
barometer correct up to mm. 

5. Read the metcuty level in the tube OT at room 
lempctaiure. 

6. Now heat the water tn the beater B with the help of 
burner or heater or whatever healing device is provided in ihe 
laboratory till water starts boiling. Stir it thoronghly and after 
6 minutes when temperature has become constant adjust the 
position of the tube O T such that mercury level in capillary tube 
stands against the mark M. Then read the mercury level 'in O T 
and lemperaiure of boiling water. 

7. To cool the water ia the beater B put off ibe burner. Stir 
it well and after the interval of every 5*C take down Ihe reading 
of mercury level ia open tube OT after adjusiiag ns positionto 
bring the mercury level in the capUliary against M. 

%. Read ihe barometer sn the end alsa 

Find out the difrereoce for mercury level m ease of esery 
observation and by adding it to Ibe ainiospberic pressure. Obtain 
the pressure exerted by air enclosed in C B. 

ICL riot a graph between lemperaiure and air pressure and 
select twosuitable points on the graph toolmlaie With Ihe 
help of these v aloes calculate & 

Obstt ss tlwv 

Atmcnphcrk pressure at Ibe beginning ef ctperinent 
•• •> • end . 

Average aitsospherie pressitre P 
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86-4 - 70'4 

” 70-4X98 - 86-4X31 


i* _ 

■' 70-4x98 -8fr4x3r 
log 70-4-.1-8482 I 

Joe 98-.V99J2 ( 

Add 3-8194 
Aniilog X»690S-0 I 

^ 1908^681 
" 4127 


1, 


logP-log t6- Jog 4227 
-1*2041 - 3-6260 
®T-5781 


pssAotilog 3-57»l 
-0-00378S l*C 


PeXlOO 
87-5 -64-l_ 
* 64-1X100 


23-4 

“■^TTo 


log J}-los2}'4>log64IO 
- 1*3692- 3-8069 
-T'SeiJ 
ff«»A«tnot'5‘’3625 
-0*0(13663 I •C 

Frewore coefncienJ of m'w — 
Sitndsrd rcsuU 


log 86*4-1-9370 
lo g 31-124914 
A<id Y-3-4284 
Antilog Y-2681-0 


I *C 


TVfWitsge mor ~ 

IVc»»iJ«irt 

1- TTs* gliM iMtlb G B tliootd dry air. 

2. Tbe werCTJry ir»cd V aod dry *tsd iLocld u>l 

»fick to ikf iM« cf thf irr*r»l«rv There tfcwr'd t< fto tT»«t tf 
memr* in the glm bofS. 
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frfattoa (able 


Tempcfaiure 
of water In 
beaker n 

f (sed point M 
, for mercury 
' level In (he 
capillary tohe| 

hfercory 
level in 

O T 

UiiCC’ Air 
renc of prcHure 

leveislhi! 

...o»C 

cm. ‘ 

on. 

cm. 

cm. 

' ! 

■ 

1 




CalcBlatloos— PIol a graph 



beiw««n temperature and air 
ptesiure taking temperature 
along the X-aab and air 
preswre along the Y-a*is. 
As shown in the figure 6-2 
it comes to hen straight line 
which shows that air pressure 
is dirtcll}' proportional so 
(he temperature when 
volume of the given mass of 
a gas (air) b kept constant. 


. fwHKI .M l»o MMe poinli Wliidi on be 

-aloes froffl ^ beiliespoinl of«.Iet 

Aov Other two point* except « 

-..tauten 
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2 . To cakulate melting point of wax. we have to measure 
the air pressure at 0®C, boiling point of water, i. e.. at lOO^C and 
at the melting point of wax whkh are and P respectively. 

Then with the help of the forinula given above the melting point 
of wax can be determined. 

Po and Pjea can be obtained from graph also. 

ObserTUtions 

Same as in experiment 6'i plus additional observations for air 
pressure at 0’‘C and boiling point of water and melting point 
of wax. 

Po and Pigo can also be obtained from (he graph. 
Calcnlatlons 

( i ) Plot the graph as described already. 

(iil XIW 

Resnit 

Standard result 
Percentage error 
Precantions 

Same as In experiment 6 1 

Oral Questions 

1. Define the pressure coefficient. Mention its unit. What 
is its value for perfect gases ? 

2. Why do you insist to fill the dry ait in the glass bulb of 
Ibe constant volume air thermomeier ? 

3. What are the advantages of mercury used in a gas therms 
meter ? 

4. Can wc use water for mercury ? 

5. How do you keep the volume of the gas constant ? 

6. How will you measure the melting point of wax by the 
gas Ihermomeler? 

7. Can wc measure (he temperature of human body by this 
thermometer ? 

8. What is the relation between pressure and temperature 
of a given mass of a gas at constant volume ? 

9. Whai are the important precautions ? . 

. , . 10. Explain (he absolute zero. 
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X using the consUnJ 


3. The Bto bulb should be 

,e beaker B and should be stirred lowered so 

he glass bulb O B. lempentute 

ud— t'-oUrte'r'ru'ld be.aken,hlle e.llng the a„ 
nGB. 

experiment 6-2 

Objeet-To measure the melllus point of » 

rolnnie ait thennouieler. 

*„„..u,-sanse a, .e.erudued either 

Xt„,y_The melting between the temperature 

, I ) with the help 0 h g^ ^ ,„„e„,|„g formula 

snd pressure, or ( «U » 

t- 

Where P.- Aj' P"™'* Zilm point of water 
Air pm” are a. melting point of war. 

, -Melting i”'"'"'”" 

_ .^evuM^cl a* describcil in experiment 

1. The 'gP'"”'”,‘,I]l^talore and air preiiure is also plotted 

!”^,g”detctibed. „x the glais bulb OH Is 

•‘ to measure the The eont.lner Is heated und 

‘ -I in a contalaer full ®f qT Is to adjusted that 

immersed in ,bj e>peotu»^^^ ma,k M, The 

•''"mh.lhe eaplll'T”’",'” istakea. When all the we. 
mercury m „,cnty l«»'l ■” 97 . „|n when wal slant In 

olwerralimi 0 b.rf to mereury le.el In the 

Themenmry 


tied theo It I* or I* « * .yj,e Bjergrury kvel la 

Wifytbe<^ . t,hefi*ed point of •at 

^.xry stand. a^» t, ,i, pressur. ■ » 

-is noted. 11'^' pi. lie tempera' 

Pt^ 7.„l.ialpoiat«'*“' 


C«S«d. 
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2. To calculate melting point of wax, we have to measure 
the air pressure at O^C, boiling point of water, i. e., at 100°C and 
at the melting point of wax which are Po, Pio© P respectively 
Then with the help of the formula given above the melting point 
of wax can be determined. 

and Pijio can be obtained from graph also. 

Observations 

Same as in experiment 6*1 plus additional observations for air 
pressure at O^C and boiling point of water and melting point 
of wax. 

Po and Pioo can also be obtained from the graph, 
Calculaitons 

( i 1 Plot the graph as described already. 



Result 

Standard result 
Percentage error 
Precautions 

ilarne as in experiment € i 

Oral Quesiloas 

1. Define the pressure coefficient. Mention us unit. What 
i*ll»' ■ ■ -^ect gases? 

■.to fill the dry air in the glass bulb of 
•ter? 

of mercury used in a gus thermo. 
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•TKERMAr. CONUiyCTXVlTY 


EXPERIMENT 7.1 

Obi«c(— To dntrmiae (li« tbem*! caadBCf IftCf of ■ cwtf 
enBdacfor gires }i> fb« form of * cfliadrtool b«r. 

ApptrtiBi—Stfarlei apparatus, four thennometers* t boiler, 
meaturing flask, vernier olHpene, n»etre scale, weigit box, stop 
tvaich, burner era 

Deseriptloo of Searle’s apparalm 
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in which steam can continuously be passed. The other end B is 
surrounded by the thin copper tubing in the form of spiral. Each end 
of this spiral terminates in the form of ft cup and a thermometer is 
fitted in each of them through corkaas shown m the fig.7.I. Two 
thermometers Ti and Tj are fitted into two holes tn the rod A B at 
the points P and Q and m some good apparatus the bulbs of thermo* 
meters are in contact with rod by dipping them in mercury 
contained in small holes at P and Q which are at a distance of d 
cm. This whole system is enclosed in a wooden boa which is 
packed with cotteo wool. 

Theory 

The end A is heated by passing steam continuously in the 
chamber C. Heat flows through the rodAB towards the end B. 
The temperature of thermometers at P and Q rises continuously. A 
constant flow of water is maintained in the copper spiral tubing. 
The temperature of inflowing and out>nowing water is recorded by 
the thermometers Tj and T4 tespectivcly. 

Whea steady state of lerapcmute is reached, all the four iher* 
mometera record constant temperatures. The amount of heat flowing 
through the bar per second ia absorbed by the circulating water at 
the end B. Let m gm. be the mass of water flowing b t seconds 
and and 64 be the temperatures recorded by the thennometers 
Ta tad Ti fitted lathe cups Ct and Cjat the entrance and exit 
of the spiral tubing respectively. 

The heat taken up by water per second 

Q=“ 10f-es> (1) 

But the amount of beat Q flowiog pet leccmd through the bsr 
is given by 

Q=K.a. ‘^1^’ (2, 

VIhere K= the coefncienl of iherraa) conductivity 
ts area of crmecciion of the rod A B 
Bi and art tetupcTStures recorded by iheftnometers at Band 
Q at a distance of d os. 



4i 


rRACTlCALPH 


Mi (2i. «c Aa«e 


, m-6, 

' t. ».(vi «•,> 


Cnefndrnt of ihcrn*) roodoffiyil^ 


it n tlcftncd at ihc qu3niit> of heat flowing per te 
(hroujih unit area of crots-Acction of an eletnent of the materi 
unit thKi>nev\, when ihc difference of impcntort betwee 
facet IS untl>. in C. C. S. system iis unit >$ ralorlea per see 
sq.m per tnsptrarore fradirat of 1*C per on. U* tJitnens 
aw MJ L> T 
Proeeduro 

1. Measure the Jiameterof the esperimentai rod sc fou 
fnc poifiis ««h (hehetpofa vernier cailiperse. 

2. Measure the distance d benseeo the points P and Q wit 
metre scale. 

3. Csrcfullj' insert the tbermomeier Tj. T*, Tj and T<. 

4. Pass the steam in the steam chamber C from a boiler. 

5. The inlet of the copper tubing is connected lo a coasia 
level nater reservmr to have a constant flosv of water ibroui 
spiral. 

6. When steady slate of lempcraiure is reached, wait for 5 i 
10 isinuies and thea note dowo the letnperalu/es &{, ffg, bs and { 
front the thermometers Ti, T*. Tj and respectively. 

7. Quantity of water flowing out in a known time t secom 
is collected In a clean beaker. Measure its > olume by a measun'nj 
flask. 

S. Cail-mltiv-A' <vniyAhrJv»}3^rfs‘'Ahe .Coaruila/^l- 
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S.Ko. |m.S. rejdinjj D, .meter of che rod 



3 


Mean value of (5i:>ra;tef 
1 ridiui of the rod r s cm 
1. The drtUect het»e<ft T» ai>d Tg. d - 

3. Temf^rilure recorded iTrihemomfiet 
< - - .. T,.©,- 

5- • «. « la.®*- 

*'■ - « . !».<»»- 

T. Volume of uaiet coUecrcd ettMde the heaVet 
%. Time for »twh »at»i n cotiecied. t 
CileaUtlaoe 

Matt c{ oater collected r>B 


t.. (2)-!!l=5;l 




I.SdJf— 3 
!«> I.». I 


•5J 

'*•-2—4 


■ *yTO'T2ir.'i X. . ■ 


lof 5«-f-732< 

V¥a«i-oa*ai 
Adi -I i:34 
ut >«d 

'ivnre'T -Vvo 


V't a u: -c 
t-it -t 
hT l - f 
»TJ3a -1 


*i.*2 

At* -4 
)i<4 

i'lt" 
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PRACTICAL PHYSICS 


Re$alt 

The coefficient of thetmal conductivity of a rod of a given 
metaJ=0.8596 caIories/sec/4q.cm/I*C/an. 

Standard result 

Pcrcerjtage error* 

Pcrcaaflons 

1 . The thermometers Ti and Tg must touch the rod or cootact 
can be ensured by putting some mercury in the small holes drilled 
at the points P and Q, 

2. The thermometers Tj and T« should be inserted into the 
cups Cj and Ct up to the extent that they are welJ ia water. 

3. More accurate thermometers having the least count 0.2®C 
should be used. 

4. The flow of water through the spiral should be sufnciently 
slOK’ And regular. 

5. Temperatures should be recorded after S to ID minutes of 
reaching in the steady state of temperature. 

Oral Questions 

1. Define the coefficteni of thermal conductivity. Stale its 
unit and dimensions. 

2. Explain the steady stale of temperature. 

3. Why the box is packed with cotton and wool ? 

4. Explain the phenomenon of conduction of heat 7 

5. Why the flow of water in the spiral is required Co be very 

slow. 

^ whti *r.« fhi- nmtfhtf Mnuftm of error in this expcriacal ? 
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hTEWTOJ^S EAW OP 
COOr.IKO 


When* hwVwdy »» left »o cool, n 1c»« rt» he»i hy the 
process of ndiatson, convectiOQ nod conduction. In case the process 
of radiation it tipnificani and touea due to conducSKw and convec* 
tion are ne|li$ihle the New ion ’• b« of coohne holds true provided 
the diffetcnoe between the temperature of the hot hevijr aad that 
of turroundinpi does not eicecd 60*0 or 7l>*C. ii is a specul s^se 
of more general law. i. e.. the Stefa#'* law which is true for all 
rangwef lerjireratUTe difftrtnee between the hot body and the 
lurroundiegv 
Newlaa't U* ef e»«llaf 

ll Mate that rate of coolmgeif a KsOy it directly propcttaxsal 
to the etcest of its lemperature o*et that of lurroondinrs ponded 
the eictti it not tirge. la short we can wrtte— 
flare 0/ en'haf « ermi <•/ eemperararr 
Suppose the teroperatuTt c< *K-»3y faiSfrota m \ 

aevxeidi and the ten-peraiure the Mirround^np it e 

Ratecif «wtiT.|-a * cakwieapei tee 

where w It the thenaal c»r*e>i> r< the t<sd> 

Ihe atertfe Imperaiuic «d il.e K>ij dutmt tl u ie‘f rv si t 

The ea-ews tf !ejrper»lB?e - ... -C 

Acmrdi^ t.) Srwtnw'thaw <4 cuolirg. «e ttse 




since «• li coniuni fnt ibm hrf,, |„„„ 

V 

i. e., the rate of fall of temperaiure it directly prcpcrtkxi! “ 
the cxccsi temperature. Irt faa ,o „nTy the Newtoa'i U» ^ 
rooling thii thing it shown to hold true, ij can also be wriitrttf 

fla 


Where 


a*# 

« excess of temperature 

<10 

— rate of fall of temperature 

do .. 

s= K exi'esi of temperature (Ksconitsnt) 


experiment 81 

Object— Verify Newton’s law of eooline by plotlae #c«n*? 
eurte for a Uqntd. 


Apparatus— Newtott’s law ©f cooling apparatus (it<M*^’‘ 
ofa double walled sessel with a lid contaiuing a caldritaeter»i«^ 
ilirrer), two thermometers reading up to ^c, stop watch, 

<r burner etc *** 

Formula— As we hase already oMairted from Newton’s la* 
>f cooling that 

^sK excess of temperature 
Where Kasconstant 

^israte of fall cf temperaiurc 

*rooedare 

In Heat water in a 
beaker up to its Ktilieg 
point. 

■ a. Transfer the KnI- 

ing water to nilthecalo- 

nrocter A up to 3/4 cf its 
capsciiy. Pui rheeakvi. 
tneter A in lit pUcc in 
the Newton’s law cf 
eavlirg apparstu* at 
iho«n in the nyBretS-ij. 
re it thertawwfef T| 
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luted to tecotd the tempcmtue of coobng water and S is 
the stirrer. 

3. Stir water conlinuoialy and take down the temperature of 
water at the interval of every half minute or one minute. 

4. Plot a graph between the temperature and time taking a 
suitable scale. Temperature and lime are taken along the y-axis 
and the x-axis respectively as shown in the figure 8‘2. 



5. Praw a number of tanfcnls at the poinli P^, Pf and so on. 
The tangenti at different points gives the rate of fall of temperature 
corresponding to those points. Determine ifae excess of temperature 
at these points. 

6. Now plot a graph between this excess of temperature and 

do 

rate of fall of temperaiure, i, e.. ^ taking excels of temperature 
do 

s-axis and ^ along the y-axis as 


shown in ibi 



Temperature . 


QoC I oC I ‘^C "C “C 


Table from graph of fig- 8’2- 


Rpom I Temp, 
’•temo. Icoolingt 


I Excejs of 
{I temperature 


; Angle of 
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Calcolitlons 

^ h determined from the table of natural tangents. For a 
d( 

particular value of ^ tneature the angle between the tangent 
at that point of the curve in figure 8*2 end t-axit. 

d0_ Inter cept cut by tangeni on y-aaia 
dl i^roepl cut by tangent on a axt* 

Resnlt 

aq 

The graph between and exceta of temperature comei to 
be a straight line which proves that the rate of cooling i< directly 
proportional to the excess of the temperature. 

dA 

If we calculate the nitloof and fxcT« of temperature 
which gives a constant K this also proves the Newton’s law of 
cooling. 

rrfeastleas 

1. The water shouM be stirred constantly. 

2. Thermometers should read vpioOT'C. 

3. The curses plotted ahould be smooth. They should pais 
through the mean potitions and if points are left, they should tw 
on both tides of the curse almost in equal number and almost at 
the equal distincev 

EXrCRIMtNT g J 

Ob{ert-T« deffnai** the speelflc heal af a Kqaid bj Smtaa'i 
law af eooUag merbwi. 

Aggiratas-Ne*ion‘s law cooling apparatus (a dv-oMe walled 
sesvel es>fttanining two ideniicat eaWiaetenl, Two iLenao* 
meters, stc^ watch, pippei. balance, weight bes, gisen liquid. 
Varner or hfiter. 

TVwry 

If two identical caWsmesers ix«ui9 eq,is] voiuAcsc/ iso 
ddfereni Isuids, the rw.'ff Mjfaots r€ the ca Wtarters are <f ike 
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same nature and both are cooled under same conditions, then i 
rale of cooling are equal 

Suppose two talorimetcrs of same size contain water 
liquid and these are cooled from temperature $i to 0t du 
the intervals tj and i* seconds respecijycly. Then 

Rate of cooling of wotet^^Rate of cooling of liquid 

Rate of cooling of natersa T caiorics/s 

ti 

rate of cooling of the liquid t calories/sei 

. <mtS±y^l0v-0i) 

I, 1, " 

OrSa-Lfii (m, + >V>-W'l 

njjL *» J 

Where Sss The specific heat of the liquid 

W s Water equivalent of ihe cnlorimeter contalnin 
water. 

W ss Water equ»*alent of the c.tloritneter wnlafnln 
liquid. 

mi ~ hfdss of ivrtaln \olume of water talren. 
nit =s Msm of equ^l volume of IktuiJ taken. 

Procedtre 


I, Weigh two tdeetkal clean calorimeters separately ted 
calcslatc Iheir water ei|u>vslenlt f mass x specific heat « water 
cq<a«aknt of a h*>djf}. RracLen them from oat Me. 


2. He»t water and liquif inlwo ter^ralt heakm In a 
hath op to TOKJor IfiK*. Transfer equ.if vofwme of 
^titr atd mtofoidentkat ealiimeHn with ih* help ct 


d«" 

3 pa ths*-.* w 


intuft thr nMt' 
iS»f/Hi7m«i*» If* 
!«<> MtiMeil in 
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5. With the help or a stop watch note down the tempera- 
ture of water and liquid alternately after every ^ minute till the 
temperature fall just to 10*0 above the room temperature. 

6. Note down the temperature of surroundings. It is better 
to note the temperature of surroundings at the beginning of the 
experiment also and then to find the mean of the two. 

7. Weigh the two calorimeters separately with iheir 
contents. 

8. Plot the cooling curves for water and liquid on the same 
graph paper taking the suitable scales. Tune is taken along the 
X-axis and temperature along the y-axis. 



9. From these curies, (he time Ukea hy water anJ liquid in 
ccoWng through the same range of temperature is noted. 

> 10. Calculate the specific heat x^tbe liquid using the for. 

raula gives. , 
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ObserrilJoos 

1. Mass of the first caforimeter = ^ 

Z Mass of the second calorimeter = ^ 

3. Mass of the first calofimeter+water = ^ 

4. Mass of the second caIorimeter+ liquid = 

5. Room lemperafure in the beginning - 


6. Room temperaiure at the end of the experiment s 



Water eqviriWni of firtl cabxuneier. W-^m*i i£- gm, 

^ wemxi „ , Wt 4^ gf„_ 


b tie 


ifit ct the miurut of eaMmiUtt 


%itU 0< 


tm 

am 



mmutes 

minutes 


Time taken by water cooling from ©j® to 
» >. .. « = 

“ JffToilT 12S-S5+'»'®X(M)-10-26>!0 I ] 

= STIo-f'™-™'] 

17-80 log l7-80=:t-2S04 

= 20:i0 Iog 20-t0=:l-30n 

Diff. sT‘J472 

S= Antitog n9472 
s 0-88SS 
s 0-89 

RmtU 

Specific heat of a given liquids 
Standard results 
Percentage errors 

Pieeantiona— Same as In eapeciment 8-1 
Oral Questions 

1. Slate Newton’s law of cooling. Wbat are its limitaiions 7 

2. Explain the rate of cooling and how do you measure it 7 

3. What is radiation 7 What are the factos governing 
radiation ? 

4. Explain the nature of surface pertaining to radiation. 

5. Define the terms specific heat and water equivalent. 

6. What do you mean by identical calorimeters with respect 
to radiation 7 

7. Can you find speciTw beat of a solid by the method of 
Ne« ton’s law of cooling 2 


9 

COM^OUN2 > microscope 

Compound microscope— It consists of a brass tube having 
objective at one end an eyc>piece at another end. The e)'^pi«^■« 
can be moved in and out of the microscope tube. Both, ih' 
objective and the eye-piece, are convex lenses or in case of superior 
instruments combination of the lenses behaving as convex Ien» 
where the defects liLe chromatic and spherical aberrations art 
eliminated or reduced considerably. 



Fig, «•! 

As tho«a in the fig- 91 PQ i» an ob/«ct infrnnt of the ob^cc- 
titeOasd us real, wverted andeolarird imir I* formed at P’g*. 
rO‘b<b»»es IS *B Iheoye-riev-a and ifs virtual. wprl|M 

.aS 13 m.ohiwt u.<).r i.l— vi... 

1 H '•< te-l” ''■« «• 

I;”;- 


,, P-Q-iD 

M- pQp 

p.Q_ 

">Q 

P-Q- .. P’Q' 

- P Q- ^ PQ 

Therefore ^Because ^ = -^) 

For a convex lens, we have 


I 


Multiplying by v throughout, we get 




• (2j 


Since vmD, f ( for eyc>piece ), and U is almost equal 
to the locat length of the ohjecttve, Thettforc ll)Y«* 

comes 

13) 




EXPERIMENT M 

Object— To deterotne (he magoifyiog power of a Bilcroceope. 
Appiretas— A compound microscope, scale, graph paper etc. 
Theory 

Angle subtended by the image at th e eye _ 
“ Angl^ubte^ed by the object when it is also at the 
distance O 

P'0- JO 
' "TO’/D 

On a scale if P-Q-oN divisions 
and PQ -n divnion 
V 

Then M--~ 


Procvdare 

I. Take a graph paper asd odour one of the small dirisio-i 
with red or blue ink. 
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ASTJEtONOMICAr* 'TEXLiESCOr’E 


Astronomical telescope 

It is used for observing heavenly bodies like piaaets and stirs. 
It consists of a brass tube with an objective at one end and an eye- 
piece at the other end. The eyc-plecc can be moved in and out. 
Both the objective and the eye-piece are either convex Jenscsor 
combination of lenses behaving as cornex lenses. Unlike the m's- 
eroscope the objective of a te/esoope is of larger focal length. 


As shown in the (fig. llrl) O and E are the objective and the 
eye-piece coaxially mounted in a brass lube. The parallel beam 
of rays coming from the distant obj^ct'forms an Inverted, real and 
diminished Image P' 0' In Il>e focal plane of the objective O. P’,0' 
Krhaves as an object for Ihe'eyc-ptece E and in ^virtual, oprighi 
.„d tnJEnin.d >> fo™"' •' Tfcf final ini.,. I. 

iavnrlM »ilh "H’"' ' 

Maialllln* P"""’-" *' *1'”'“’ " •f'l'>P «'■*" 

wradrf bytk! im.fnallbPPPPfP'k' .n,l. .nbl.nd.d 1,, lb. 

'*'ri'b,»dib;.b=obj=.-....b.«bf«'i-- 
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Accofding to the tfig, JO'U fi »i»d • a« t«pe«tvcly tht angle 
»ubteTiiJtd by the iTOifc *' ">« •‘'2*' subtended by the 

object at the objective. 

Magnifying Power- 


tince Q and « ai 

... 

tan i,* 


very imail aagle* 


P- QVQ- O, 

* FQV^i^O,' 


Q* O, 

“QOj 

F 


Where F and f are the focal leogiht of (he 
e)e-piece reipectively. 


objeciive and (he 


EXPERIMENT 10 1 


Object — netnalne the viagnlfylog power of a ttWvope. 
Apparatgs— A leletcope, a tcale. meattiring tap etc. 

Theory— Let P Q be the object and the angle tubiended by it 
at the objective it «. The fmat image P" Q" subitndt the angle $ 
at the eye, 



As shown in the fig. <IO-2) there u a telescope T mounted on 
a vertical stand and a 
vertical scale is fixed on 
a wail at a distance D 
from the telescope. Some 
divisions on the scale are 
observed with the help of 
the telescope with one eye 
and at the same lime with 
the help of another eye. 

It is estimated that how 

many divisions are covered Fig. I0'2 

on the vertical scale by these magnified divisions: 
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Suppose the nurabcr of divistons observed through the 
cope ore n and the num^r of divisions covering them '*««'* 
observed directly arc N. If d w the span of each divisi<«t. Ihf*’ 


LB- 


D 


. , nd 
and 

Hence M-= — 
n 


1. Place the telescope mounted on a vertical stand at * 
distance about 5 to 7 metres from a vertical scale iixed on a • 

2. Adjust the eye-piccc such that cross-wires arc clearly »iiih|^- 

3. Now sec the scale with one eye through the telescope®® 
concentrate on certain number of divisions, say n. With the Othw 
eye see the scale directly and count ihc number of divisions wht^ 
coincide with the magnincd n divisions. Suppose these areNw 
number. 

4. Repeat the esperimeot with different number of ” 
divisions. 

5. Repeat the experiment with different distances from the 


scale. 

Obsmatlons 



ASTRONOMICAL TELESCOPE 


67 


Calcnhlitfns 



Resnlt 

Magnifying power of a eiven lelescope= 

PrecaatioQS 

1. The eye should be kept near the eye-piece. 

2. The divisions marked on the scale must be clearly visible 
when seen directly with the naked eye. 

Oral Qaestions 

1. What is the construction of astronomical telescope ? 

2. What are the different types of telescopes ’ 

3. Explain the working of an astronomical telescope What 
i< the nature of the image observed 7 

4. Define the magnifying power of the telescope. 

5. Vlow do you diffeicntiale a telescope from a miscroscope ? 

6. Suggest how a telescope of larger magnifying power can be 
constructed. 
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resonance 


Object — Deterniae the teiocity ofsoond in air at o J 
resoaance tube and also tfeteitDine the eni eorrectioB o' 
resonance tube bf finding the first and second resonance IcngtH 

Apparatns — Resonance tube, vernier callipers, Anibberp^^' 
a thenBometer, set squares, three tunins fork* of freq«"^ 
512,480.427 or any other combination. 

Theory— (i) At resonance, i.e. when toud sound is heard, freque'*'’? 
of air columnsfrequency of tuning fork (n). 

(ii) Water level serves as a closed end of the tube and it 
serves two purposes- 

(aj RefiectioBOf waves takes place at the '*'8**^ 
level. 

jb) Water level can be raised or lowered to adjust tKe 
length of air column to achieve resonance. 

(iii) Antinode is formed above the open end at a distance 
X. Ifliandlj are tbt first and second resonance 
lengths obtained with a fork of frequency n. 

X 

It + *=® 4 


JA 

and lj+*- 4 

1,—^ fCnd correction) 
(iv) Hence x=- j ' 

b, V, -tofl.-'-' 



KLiONANCETI 


(vi) If V«- Velocity of sound ato^C, then 



(vii) Also tppraximateiy i^*3D, uhereDis the inner 
diameter of the rcsonaoee tobe . 

rrocednre — 

1. Set ihe resoaance tube vertical utiata plumb line and 
the levelling screws at the bate of the arparalus. Fill the re^r- 
voir and the rtacnance tube partly with water. 

2. Place the thermometer bulb into the mouth of the tube 



rtf. II 1 

ami n.'te the lerererature. See Ihai the buthijMci nf^ dip into 
water. 

3 IMdiCf the tcncry f(«t by tie tton. »tnte u pee:)* t« 
the rubber fad atd jdioc it heeiroistafSj aS-wr the tt« tui 


70 PRACTICAL PHYSICS 

of the lube so that the prongs vibrate in the vertical plane and do 
not touch the edge of the tube. 

Note : — The end A of the prong of the fork thould be at the eenlre 
of the mouth of the tube. 
If the fork Is not perftcitj 
horizontal, the wares sent 
downwards by It will be 
reflected from the walls ef 
the tube Instead of from 
the water surface. 

4 . Ltmer the rtsrrsoir and u^ing the pinch rock, adjust 
the length of air tvdumn v> that the mstimum patsihle sound i* 
heard. Now rcsonano; has been achieved. Measure the length 
of air eutumn. This is |, Measure it twice, once while lowering 
the level cf water and agim whde ratsing the level of water. 

5. lunhff tower the resetvotf. Aedin masimum toufld 
will he heard when lenjih of air column hecomee slifhlly freaiet 
ihsnJl). This Ml} Measure Ij iwwe. once while lowering the 
level of water and again white raising the level of water ahova Ihe 
;v^.>{ia'n oNJineJ 

6. Rfpeai the espcrimmi with the Mcund und ihelhltd 
Iv-i ni f'-vit. t*al,iil*fe val.Mty of wmnJ at f'C and 0“C hy eiiu*’ 
(,|aivd {ri} r«srcs-1i»«l3>. 

7. «*• t i*«recrwjn hr *<|'i (l»>anJ verify It hy 

ra-i iviii. tnirrnitl diamaler of the tuhe with insiJ-' 

vpen CT t*** pcwiavne »t r.fH a"|Je». 



CORRECT WRONG 
Fig. lJ-2 



273-2-4362 

• i-2-469& 

T'9664 



y Vf \l 

<■'* ( lif)’ - 


H >«:- 

:-SMi 

AoMof 

; 5iji 

Tt; . iTKfiiM sevi 


fitv X t ad fffry««tb)«| 



tmalt 

Vclociiy of *o«nd Mt 0 C H<y tjtperimem i- Xffjre* k*-' 

Standard rtauli -332'0 Mrtffs'**'' 

tttttr m 

retccntatc Crror . \ 


Precaution' 

I Therfsonance tube should be set vertical using levelling 
A pin'^h ^ 

closed. w^J«^<-veUho^^^_^ *" should be measured and 

““'TTrcCir^rKror tw<«b' 

■ ,,jjy perpendicular directioni . . 

f"'* .bouUKWd »»'"»">■'■ «-.„.h., 

_. e,^,^encv may not S^* affected. 
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6. The vibrating fork shoald be heid perfectly horizontal, 
just above the open end of the tube and without touching the edge 
of the lube. The end of the i»on£ has got masimum amplitude 
of vibtaiion.scr the end should beat the centre of the mouth of 
the lube. 

7. The resonance should be obtained both for water level 
falling and rising in the tube, while determining li or Ij. The water 
level should be raised or lowered in small steps lest the resonance 
position should get missed. 

8. Tuning forks of high frequencies e.g. 512, 480, etc. should 
be used. With forks of low frequencies, the second position of 
resonance is not obtained because in iheir case would become 
larger than the whole length of the resonance tube. 

9. The tuning fork should be kept vibrating all the tune when 
the water level is made to rise or fall for determining the correct 
position of maxinvuia loudness. 

ModUlcatioBS 

EXPERIMENT \\ l 

Object— Plod the frequeacy of a glren fork oslng resonanee 
tube, glren the velecliy of souad at O’C 332 meters/sec. 

' Him : Fust Calculate V| where t is the 

room temperature 

Then using the cquo. -2n(lt-li) 

So n can be calculated by determining l| and I) experimentally. 

EXPERIMENT H 3 

Object — Coniiire the frequencies of ibe two given tuoiog 
forks by using resoniDCe tabe. 

Hint; V, -2n, (I*- li)-2nj(l»' - I',) 

°i . v-v 

Dj la “ h 

So by Hnding the first and second resonance lengths with 
both the forks, the ratio of th^ frequencies can be calculated. 
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EXPERIMENT tV4 

Object ~ Determine the temperatare coefficient of the telocitf 
of loond nslng resonance tobe. Ciren eeloclty of sonnd at O’C 332 
Bwtrcs/sec. 

Hint Vj •"Vg + flt where « is the ieaperataTe coefficient. 



Vq is given and can be determined experimentally, os"’? 
the formula Vj —2a f I| - fx J 

Oral Qnestions 


1. Why the lube is called resonance tube 7 What is resonan* 
and what is end correction 7 

2. Do you find the velocity of sound in air, or ia water or io 
the materiaj of the tuning fork 7 

3. Why {« water used 7 Will the velocity of sound be affected 
if instead of waier, oil or mercury is used !o the tube 7 

4. When first and second resonance lengths are obtained, are 
the frequencies of the air column in both the.cases, the same ? Are 
they equal to the frequency of fork in both the cases 7 

5. Are the fundamental frequencies (be same when first 
and second resonance lengths are obtained. 

6. Can you obtain the third resonance length also? If so. 
how many limes will it be 1, 7 


7. If the room temperature increases, will the values of J| or 
I, also increase or decrease or remain the tamo 7 

8 What kind of waves arc present In the labe-progressive or 
stationary 7 Are they fongltudinal or Iraosverto waves 7 

9 When the fork vibrates, what type of vibrations are these 7 


to How do you select the tuning fork for this experiment ? 
Stould it 1« Of <■» ft"!“™» " f 

„ JXucl. rnttfo.* <• 
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Object— Dctcrmloe the freqnncr of a glrea toning fork with 
the help of « sonometer. 

Apparitos— SonometeT with a wire stretched on it. a hanger 
with slotted hsU'hiio weights, a tuning fork, a striking pad of 
nihher, a light V shaped piper rider, a metre rod. 

Theorf— Transverse staiiooary waves arc produced in the 
stretched string by pressing (be ttcm of (be vibrating fork against 
the surface of the soQoaeier board. Then length of the vibrating 
wire between the bridges is adjusted till frequency of vibration of 
wire becomes equal to that of fork So resonance occurs and 
therefore amplitude of vibratioo of tbe siting becomes very large 
al the antinodet. So a paper rider placed at the position of the 
antinode falls off the wire. 



Where na the frequency of length t of the wire. 

= the frequency of fork, at resonance. 

Is length of the wire between the bridges in cmi 
measured on achioing resonance. 

Ts: (he tension indyncs under whK'h the wire 
Is stretched. 

T — Mg dynes where M is the weight Ln gmi, of the 
hipper aod she half kilo weight placed on 
the hlBgCT, 

B- laanper oart length of the wi'e 
- volmne per »n«l length cf the wire >C densiiy. 

ro*^ rr*/ where r h the radnnofthc • ire aod 
the decsiry. 
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wire increases. The nem of Ihc vibrstins fork is io be kepi pres- 
sed against (be sonometer board all the lime. For a particular 
length I of the wire between the brid^, ihe paper rider is thrown 
off the wire. It means now frequency of the wire has become 
equal to the frequency of the fork^ so resonance has been achieved, 
as a result of wbich the amplitude of vibration at the ammodc 
(middle of the wire) has become large and con'-cqucntly the paper 
rider has been thrown off the wire. Wow place a meirc rod edge 
Hise, along the wire end read the positionr o/ the bridges, cn this 
metre rod. So find Ihe resonant tengtb of ibe wire between Ihe 
bridges. 

5. Again find Ihe resonant length of the wire, sireithed 
under the same tension and with (he same fork, but this time, the 
resonant length is to be obtained while decreasing the distance 
between the bridges. 

d. Find Ihe mean of the resonant lengths obtained in (i) 
’''<1 (5). for the same tension. Neat change (he tension in sieps of 
I kgn each and every tune find the mean of the resonant length* 
obtained while first increasing the distance between the bridge* 
tnd then while decreasing the dbtance between the btldgev. 

7. Then calculate, corresponding to every tension employed 
he frequency of the fork using the formula 



Then find Ihe mean value of o. 

ere;-/. While recording the teatism T. in the obtrrraiion tMe. 
remember that weight of the hanger has hem added ta 
the weights, placed an the haneer./ar the purpose of 
ralnileting T. 

2. Teteadthe resonant length of she wire, it nonlihe 
odtisaMe net tft use She wieire rodp'wtided o« the hoard. 
For ecevrete rnctfrvremmt. a metre rod may he gfaced 
edge wise along the wire end the post I tons of the two 
bridges mar he noted on this metre rod. 

IkwiiatiaBs 

(a) Deienninaiion of dumeier. 




So Of ,h= „r,j. ,i„ _ 

(from lables) 

(-tlealttioQs 


2. n- ' /T 

n--.— J__ ./2000 x 980\»/s 
25'1X'046 ^3*142x7-8^ 

°~2S-‘lX-046^(*J’'* 

here x-?°PPJl£80 

3-142X7-8 

Son-244-8 vibs/«c. 


Jog 2000=3-3010 
<08 980=2-9912 
Add 6-2922' 
log3'142=0-4972 
log 7-8-0J921 
Add 1-3893“ 
(I)— (2) -4-9029 

i.c. log x-4-9029 
and logx|-l£^ 


'ibs/sec. 

vibs/«ee. 

••.vibs/sec. 


-2-4514 
log 25*1 -1-3997 

log -046 - T-6628 
Add 0^625' 
(3)— (4) -2-38S9 

antilog 2-3889 -244-8 


Revolt 

Mean n= 

Standard result - 
Error = 

It error = 

**We«otlooi 

inks.*" should be uniform in diameter, free froi 

ndadju«"'itforV*”’*l! ihe bridge 
»gth .hodidbc chcck,HV“r'‘""’’ Thi 

^ ^•'**®n the bridges is decreased. 

’« tensi!!!*'^^* “““ ** included while caicuiatinj 

=in8 *'*°"*'* ^ niovmg when resonant length is 

hiost negligible'*”" P^'liej' should be the minimum possible, 

'« (i always be kept at the middle of the 

‘he position of the antinode), between the bridges. 


rnAcncMVuysics 

f t '« * fotl rf jmallff fre<jt«ncy. Thi« wr«y 
{•■.tiifai v by mtffsijB* Ihe trttjfiant length. 

'' iih l4ffc |rn«t>m owl, fhtf ffWft4B{ Icnyfh will irrtta'C 
t*' the aiXtitary aUn tncftmc*. Pat «n<fcn ippfwd mt«{ aifhrff 
ihf cUtiit- limil rf ihe miternl ef the wi'fs. 

Crittf hm nf (h« imt{iA4 

I here ate many uwita ofetrpttn the enperimeTH. 

\. The irroomtier wire it not pcffeclly flesible. Due lo in 
ihffncM M» fieqoency tffteatenf It were perfectly flexible. 

2. The /«40cni7 nf vihtaiton nt the vire may change doe lo 
the )iel<iin|t nf the lupportt, hemute yicMinf »ould then re$utc in 
shiflins the jviilioni of nodet f/on» the bridge*, 

3. The lentmn OR both the side* of the hn<i|e may not be 
Ihe same. 

4. The ffictioft in the polly causes T to be less than lhal 
actually applied. So the calculated frequency is more than Ihe 
aceual frequency. 

Oral Qoestlocn 

1. Define resonance, siaiionary waves, fundamental frequency 
and harmonics. What h sharp resonsnee and what is flat reso 
ftanoe 7 

2. Which method is belter for detennining the frequency of a 
for(. — sonometer method or resonance tube method 7 

3. What type of vibrations are produced in a tuaiagforh? 
Where are the nodes and antinodessituated in a vibrating fori 7 
On what factors does the frequency of a fork depends 7 What is 
the purpose of the stem ? Of what materials the forks are made ? 
Why are forks of frequencies JW. 20a ...not chosen for Jaborafo/y 


4 Why is it better to have a thinner wife of lower Young's 
..>4 tft stretch it with a large toad 7 ts it necestary to 

Stretch the Can a rubber cord be used, explain the 
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5. What is tht function of the sounding board and of the 
bridges ? Why the edges of the brides should be sharp ? Why is 
the box hollow and why holes are provided in it 7 

6. Explain the principle of the rider. Why should the rider 
be always kept at the middle of the wire between the bridges ? 

7. What are the sources of error in the experiment and what 
precautions are to be observed 7 What is the use of the sonometer? 

8 On what factors does the frequency of a note emitted by a 
sonometer wire depend 7 How will the frequency change^ 

( i ) )! the tension is made tour times 7 

(it) if the area of cross^ectHMi of the wire increases four 
limes 7 

(iii) if the radius of the wire increases four times, provided 
other factors remain the same in each case 7 
EXPERIMENT 12*2 

Object— Verity the laws of transverse vihralioDS of strings. 

(A) Verificatlen of the law of length. 

Apparatos— Sonometer, banger with weights, striking pad, 
paper rider, tuning forks of different frequencies say 2SS, 288, 320, 
341, 384 etc, A metre cod to measure the rttonant lengths. 

Theory 

When T and m are conslt 

n o; or n I— constant 

Where T«-the tension under which the wire is stretched. 
tn>-lhe mass per unit length of the wire, 
n- the frequency of vibration of length 1cm of the 

rrocedere 

I. Place suitable weights on the hanger so that the wire is 
stretched (use a lead 2*0 or 2*5 kgm|. 

1 Place a V— Shaped paper rider at the middle of the wire 
Velwtto the bridges. 



rRAcrmiKOi 


flJaluK t ffeT'tncy n,, SitM ill r" 

•WiWUe lmnm~i,r "'" Cfmcr Iht n>.nwj! 

“f llie Wire jd(u„feij iSi a 

puptr ridtr li tlirowi, „rt "" ' P‘’«fc"l'f l"P*. 

I*li.-c,firil,|,iljl„„„, ' rind HI. te 

llien«hUe creailm ii,, ,f- . 1(15 tini)S=“ 

™can rc]on.int length I, '* ^I»ccb the hrWg-t. 

"i. nj.... and find or/rnpejc: 

The .cnsJon i, to be kepnl" ir?"' 

wire is also not to be changed * ** * *hcie ohservationi and t- 

5 . Calculate the producli n I . , 

«»neout 10 be constant. **'"* These*’®^ 

J; r* ■ r " ^ 

«™i 8 h. I,„ pa,„„j J 

ObserraltoDs 



Resolt 

1. The product n 1 comes out to be consit. 
j_e., plwoonstt. 
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2. The graph between n and-p comes out to be a st. line. It 
also means that n a -~,i.e., the frcquenqr of vibration of a given 
wire (mioconstt.) stretched under constant tension (T«>constt.) is 
inversely proportional to «» length. This is the law of length, 
which is verified. 

IB) The law of tensloB. 

Apparatns— Sonometer with a wire stretched over it. 
hanger with weights, striking (rubber) pad. paper rider, a metre 
rod to measure the resonant lengths, one fork of a particular 
frequency, say 256. 

Theory 

When i and m are constl. 

n eejr 

When n=the frequency of fixed length I of the given 
wire 

T-the tension m dynes under which the wire is 
stretched. 

Ptotedare 

1. Take one fork only, of frequency. Dj (say). Start with 
1 kgm load and under this leosionTt. find the mean resonant 
length li in unison with the fork- 

2. Increase the tension in steps of (kgm, three or four times 
and thus find the resonant lengths l^, Jj, under tension Ts, T^Ts 
respectively, of the same wire and in unison with the same fork of 
frequency Hi. Then 

‘n.-J- /tT 

i'w 1® 2lsy ra m 21j>/ m 

In second case, when the tension isT*. if lengths were 1. insted 
of 1„ the frequency would have been n, (say) instead of nj. Usinj 
law of length, 

Oj U—D] I2 



pkAatCAimsio 


if, 


•/in 


295-9 


» 7«40 


nj 


V T, 


.137 2 
4Si9 


-7 541 


Rc«atl 


h^ 2‘7S 9 n 2-4711 
hi 39-7}t>l-fi^^ 
iniiloi 0-8S31 
s 7-640 

hi 337-2s2 S279 
hg 45-19 ,> 1-6505 
Matihg 08774 
a 7-541 


Vgluei of 'U, arc found to he consir. 
VT 


- a constl. or n oc 


AiJO graph between n <t VT cwne* out to be a straight Iw*- 
It also means n a frequeocj' of fixed leoglh {l-constt.)ol' 

a given wire (m^constt.) is directly proportional to the sosare root 
of (he tension under which the wire is stretched. This is the la'*' 
of tension and it stands verified, 
fe) ytrincatlon of the Xjiw of Mass 

^ Appara(BS-^-Saaomeier, hanger with siotted weights, a strilt* 
ing pad of rubber, a tuning forh of particular frequency {sayi2Jii 
a metre rod, three wires having different masses per unit length 
by virtue of their different materials or different diameters. 

Theory 


' where 


^wben Taod I are constt. 


n is the frequency of vibration of fixed length I of the 
wire, whose mass per unit length is m. 

T-Ihe tension under which the «vire is stretched. 


Procedure 

'1 Stretch the first wire with a suitable toad sayT—^kgm 
and find itsmran reson.nl fcnjUi if in oolso. mid a 

parlimilar fork of freqn.nqi n,. IK 
wire is mj. 
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2. Replace the first wire with the sei»nd one, whose mass 
per unit length is ci}. Find its length Ij, under the same tension 
T=2kgm and in unison with the same fork of frequency n,. 
Similarly find the length Is of the third wire (mass per unit 
lengih-mj ), under the same tension T-2 kgm and in unison with 
the same fork of frequency ni. 


Then nj ■ 


1_ /X=± /X = -L /X 

' "ill V ™i 21* V ni. ~ 21* V m* 


length If of 2Dd wire has got frequency=ni 

its length 1], under the same tension. T. would have 

frequency -Ht (say) 


Then applying law of length, AtU-DiSt 
or n*-oi^ 
Simitarly o*«Oi 


For n„ substitute the frequency of the fork used. So n*. n* 
are the frequencies of 2od wire and 3rd wire respectively, calcu> 
lated for fUed length U. 


3. Next measure the radii of the wires used and knowing the 
densities of their materials, calculate the mass per unit length of 
each wire, using the formula 

Then calculate the products n, Vro], n* and n, v'm^ 
These are found to he ooestant. 

4. Graph between o and will be a straight hae. 
Obsmsliews 


Pitch of the screw gnafe<« 
C. of the screw fuige«> 



PRACTICAL PHYSIC 


Measurement of diameters of the wires. 



Measurement of resonant lensihs of the wire 
Load including the hanger -2 kgm (kept cottsU.) 
Frequency of the fork u$ed->n|*«2S6 vihrations/sec. 


(kept constf.) 





The s*toe* the pfodixl « ha*# hten to M 

Of « oc ~ 

^ta 

^ 1 , 
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of fixed length of a wire stretched under constant tension is inver- 
sely proportional to the square root of the mass per unit length of 
the wire. 

Modifications 

EXPERIMENT 12.3 


Object— Detemlne the weight of the gWen brick. Given 
forks of different freqacncies say 256, 2SS, 320 and 341. 

Him:- »-iyI -.(I) 

Where T— Mg->ihe weight of the brick suspended 



Squaring 

or Mg-daM^m ...(2) 


With the tension due toibe saine Vtick, find the resonant 
lengths li, Is, I3, 1« with forks of frequencies nj, n^, ng and ng. Cai- 
culate m, the mass per unit length of (he wire using the formula 
m-srtV (is the tadius of the wire and P is the density of 
the material of the wire. Knowing n. I and m, find weight Mg of 
the brick, using relation. 

EXPERIMENT 12 4 

Object— Determine the density of tbe material of the sono- 
meter wire. ClTcn a fork ol known Ireqneoey. 

"-iT-y? -i” 

ra-nt*/» 
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Squares 

^"ISDW -w 

Where T —Mg dynes. Mg t>eiiig the total load including that 
of the hanger. (M is in pm,) 
n— the frequency of the given fork used. 

D— Diameter of the sonometer wire In eras. 

J— resonance length of the wire in eras. 

Resonant lengths at different tensions and for the same fork, 
are found out and then formula (2) used to determine 
EXPERIMENT J2.5 


Object-'- Find Ibe diameter of the sonometer wire and rerlfy 
yaar resalt hy taegsaring the dlgmeter with screw uggge, 

Hint : See Modifioatioii (2) above. 


From Equation (2), D*- 


. * /~ 


Knowing n. 1, T, jP, diameter D can be found out. For different 
sets, change the tension T and find the resonant length I every time 
for the same fork. 

EXPERIMENT J2.6 

Object— Prore that CoostMt, 1 being the length of Ibe 

sonometer wire, always In uoiston with the same fork. 

Hi”'-— 

] T" 

Squaring 

^ ^-4 n*m-c»nsif, aince n it constant Ifsamc 

r,«kls used andm is constmf if wire Is not chanied. So find 
length* Ji, Js,ljor tenswniTi, and T* In unUott 



SONOMETER 


91 


Show that X ^^oMistt. 

>1^ Is* 'a* 

Also a graph between T and 1* will be a straight line. 
EXPERIMENT 11.7 

Object— Compare the frequcaelea of two glren tnoing forks. 
Talc at least three sets by taking three talnes of tension. 

Him.- 

Dividing has got no anitsit being a ratio. 

I »t 111 "* 
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EXPERIMENT 13.1 

Object-^CAinparc (he oisnetie momenta of i«o oii£ae(< bf 
settta; tbe def(«ct{afl masnetomettr in Tan A poilttofl and vttne 
eqaal dhtaare aR(h<i<| {| e. defleetloa method). 

Apparatat- Denecift>o nufnetometer. two {ivefl m.->)tnet*< a 
metre rod. 

Tbeofjr 

When a m i{n«(K' needta is pticed under ihenctiotipf (wo 
perpendicular fietJi P and (I, then (n eitudihriuin (ha ma|ne(lc 
fleedie makes with one of them, ao)’ ((, auch lh»l P-H 
isfl^ftanfent Jjwj. 

Let Ml aod he the mj^netic moment* cf the two 
whose haff lenith* are Ij A ly retpecliveiy. ( ) and f, are rhe fiefdt 
aetin|pn (ha compas* needle due to ((teso msjnefs when (hey ar» 
sa«r»>i>efy placed at a dittanoa d from the pivot of the fomp»»» 
oeedle. the pewit ii>fl of the needle ham j end on with reijvect >o lha 
mspets <5i the mem deflection* r>hta»ni;d Jrt Ih* neodla 

d*r f<> th* t*i> 

Then ( t J O i»« P, 

W, I»iii»} 

' '<«4«rr 

i - d"!, Stsif fcneiA* ^ A (*, 'rf 
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the magnets are so small that li«tV negligible compared 
with d*. 



MAGNET 



mH 

aI^hiF 

ir. 1 


1 0 N 

— 2l — 


snF — 

wot 



Pnociple dUgntn 
R*. IJ I 


In the prlntt^e mognetle needlf thould he 

theuH imalt In length nmporedwllh the magnet 
beemtse only then fleldseciing cnItspeUs tanbe 
taken as arpeoxlmately etp/ol to F. ^hlch Is actually 
the field due to the magnet acting at the centre of 
the magnetic l^ee^f7e. 

2. The angle made by themagnrile needle with the field 
^ .. Ilthouldbe.markedasfs^ ^ ^ 

Precedare i » i r m 

Alumin|u{a,paigter,u.,perpe(ldiciilar,.to|he,map>eiic. cerdle and 
that the ^^le,OR.route< Creely ahwv /u pi^ot. ^Sce that the 
magnets are not dcreagneCiteJ and tha^ their^jH'le^ are coirrctly 
marked. 

Viettf8j'the»axn^e«>*t**^^a Tki A’p^tUm-’-Reinoee all 
maffi^ts’Sni* tja'prttfc-'‘i!j^ii&e'afid iaJ-<«!doetor« wrrjwj 
electric citrreot away from the apparatus. Wacc Ihtf raarsetCsaartA 




PRACT/CALP/iyj 

»loftyihe UiUVieMdUicfm. Todow com 
p(art » It* edje jhowW ^<c fwrfectJy Kfaifhljon 

«op rf ihe fv, and paraltel to the metre rod fijcd on 
ntmwfthe mafnciomcter. Then hofd the maynetoraeter fj 
the c»trcmetnd» of the •titii «nd rotate it so that the alunjini 
pointcf twimes parattel lo the metre rod. This process may h; 
to h: repeated a numtxr of limes till, or feokin^ from above 6m 
wards into the plane minor of the boa, it « fourjd tbai all 1 
three, (i) the aluminium pointer (ii) the metre rod placed on l 
top rf the box, |iii) the metre rod fixed on the arms of the magi 
(omelcr. have tecome parallel irDon^ themselves. 

Now rotate the compass box so that both the ends of ll 
pointer read rero. Now the tnapitxomeieT Is set in Tan A positio; 

3. Now place the magnet A on the East arm with its Non 
pole pointing towards the needle. The magnetic axis of the magne 
should he parallel to the metre rod fixed on the arm, i.e., It should b 
parallel to (he arm and if the magnetic axis is produced, it shouft 
pass through the centre of the compass needle pivoted in the 
compass box. Distance of the magnet from the msgoetie needle 
means the distance from the centre of the magnet to (he centre 
of the magnetic needle. If distance of the end of the magnet from 
the magnetic needle is read, then to this distance, half the length 
of the magnet may be added to know the exact distance from 
the centre of the magnet lo the centre of the needle. Adjast this 
distance so that the defleclkm is about 40*. Read both the ends 
of the pointer by keeping your eye vertically above the pointer so 
that the image of the pointer to the mirror below is covered by 
he pointer itself. 

4. Now reverse the magnet pole 10 pole on the same arm so 
hat South pole of the magnet poiiits towards the needle. Keeping 
he mid. point of the magnet at same distance, read both ends of 
^e pointer. This makes four readings. 

5 Reverse the face of the lasgnet in the same very position 

,d wilhoulch«nsi"*>l''P”'» *«■'>«>"' HieCT^loflitpoinltr. 

bis makes six readings. 
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6. Again reverse Ihe poles having the same face abnse as in 
(5) end read bolh the cndsof ihe pointer. This tnaVes eight 
readings. 

7. Now transfer the same magnet on the other arm, i.e , West 
arm and keeping the mid. point of the fflagnet at the same distanix 
at on the East arm, repeat the above procedure and tike right 
readings. This makes sialeen readings for the same msgnei A 
placed at the same distance d. for both the arms of the magneto* 
meter. The mean of these siateen deflections gives the correct 
value of deflection. 

8. Now Tcrnovc the mtgiset A away frora the Bpparatu^ 
Place the magneto in Ihe same wag and with its centre at the 
same distance and repeat the tame procedure to note thesisteen 
deflections. Take the mean of these siateen dcfletiams This » 
6|. This forms one set of observatioo 

9' Tor the second tel and the third set. change the disiancr 
and adjust it such that now the magnet A gim a defleaion of 45* 
and 50* retpectively tn the second wt and the ihird set. whereas it 
had given a defleetioo of 40* tn the first set 

Karo— for the verlevi ten. the dlriaare shewldhe eirher 
Incf fated onlf or detrrajrdMt/ so that ike dr/luhaat 
ate rtcpriei Im temt ayitrmaiir arjrr tttktt tn tie 
• detrratltg erder er Im Ike iureeatlag -rder. Ah» /er 
rarlptt leit. rhevgrs la she dttwie tkowld hr ualfaem, 
g» that aa//eriw ekomgrt tn fkrdeflertim rf me enagnri 
are rhtained. 

10. Calrelsit^^* veparatr'y few each tet aad find the nraa 
OWrvsttwBi 

Lrrrh ri magnet A-L cm. •!“ E tva 

Leerh ri" iwafw B-Lcm. 1,— 

Ktecc the pocfitn a girrmapewtly atiavi.<4 a< eigt t eafVcio 
the tbeeef*’** 

drfVcttow eg the yv>.eter-^cnerr>oa of the nsgwru.' mrgm 
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CtlcgUtlons 


Mj“ tan Bt 

tan 48'* / use natural tangents \ 

“ tan‘47®‘\ tabkf / 

l'\106 log l'll06-0-0455 

” ^0724 log l-0724==0-0302 

V035 Antilog -OOISI 

* t^l-OJS 


R«taU 


Precaatlons 


Hi. 

M 


...iBting ft ratio, it has no units). 


1. The inagD«(ometer should be placed OR a rigid table prc' 
ferably of stone so that it is not shaky and can not be disturbed 
by other experiffleoters working on other apparatus. Once set in 
the desired positioti, natV: its boundary with a piece of chalk and 
do not hereafter disturb it duciog the experiment. 

2. Ail magnetic substances and current carrying conductors 
should be removed away from the nagnetoraeler before setting it 
and also these should be kept away, during the course of the 
experiment. 

3. Do not measure the dimensions, e.g.. leogtb, breadth, etc. 
of the magnet during the experiment. The contact of vernier 
callipers, tbeing of steel) may change the magnetic momeni of the 
magneu 

4. The magnet should be placed on the arms of the magneto- 
meter such that its magnetic axis when produced, must pats through 
the centre of the magnetic needle. 

5. The magnets should be labelled as A and B with ink. 
Also mark their mid-points and always measure the distances from 
the mid points of the magnets and NOT from their ends. 

6. Tap the top of the compass box, with your finger gently 
and every time before taking t reading. 

7. While Teadieg the position of the pointer on the circular 
scale, the eye should be eenieally above the jointer and tn suth a 



p;?ACTICA 


tr 

f*5i;ljca tia? thsfcc=t;r c o n ^ »tii=j|s iaiispJj 
latrnJ' »:n hi ati: is f>stissth: dtT.z 
dsflrs K2 as read ccTrsrTJf cT /w r^r * > ‘~Vr 
iocrraje /rcra ffce i5iJ» cf zero *rf cst fracs tie slds c 

B. Tht diStiose $tca!J tci^sdjstiid Ihit li! i 
near abc=J *5\ pnfmirty tbs dsHsezioss obtsissd for a 
n»|®e: biihetbce£ tetttbtn'dbe cear/y<3*, 4r, 5i 
readio; thoald be 45* a*nd the other two sfiosiJd be eqaa 
oo cither JuJe of 45*. 

9. Distaece d sbouJd resuis lie saae, for ote se. 
vatioQ, for tcJb tbs msyseii. Alsod sboaJd betjsitelar! 
the field due to the isegnet. aeliog on the magnetic tteedlt 
more uniform. 

SoorcM of error aad tbefr ronoral 

(. Tic aeedfeor the poiaiermay sot be pivoted e> 
(he centre of (be circular scale. Ooe end reads less «&d tl 
more, (ban (be actual deflection. Hence read both (be end 
pointer and take the mean. 

2, The poles of the magnet may not be symraetricallys 
from (he ends. So to eliminate the error on this account, i 
the magnet from pole to pole and read both the ends of thei 
again. 

3. The geometric axis and the magnetic axis of the n 
may not coincide. Hence the face of the magnet is reverse 
(he above readings repealed. 

4. Zero of the melre-rod may not be coincideat with 
centre of the clnrufar scale, i.e., where the needle Is pivoted. Si 
readings arc repeated on the other arm, with the magnet p/«« 
similar position and at the same distance, 
criticisms of ibe method 

J. The field F to the magnet acts only at i 

point, I.e., centre of the magnetic needle. The field acting on i 
North pole or the South pole can^ be equal to F, the field at t 
centre, an assumption which we make in deriving the formul 
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F_ tan 0. The needle being not a point needle, there- 

fore does not rotate in an absolutely tmiform magnetic field. 

2. The main defect is that the distance 21 between the poles 
of the magnet can not be measured accurately. 

3. The needle being pivoted and also because it carries 
a long pointer, some frictional resistance does act against its 
movement. 

4. The system of measuriug deflection by reading the defleo 
tion of the pointer over a drcular scale is also not very accurate. 
The accuracy in measuring deneaion can be increased by fiamg a 
plane mirror vertically at the centre of the needle and than measu* 
ring the deflection by larope and scale arrangement. Kew magneto- 
meter is more accurate and therefore should be used in place of 
ordinary deflection reagnelometer. 

Oral Qaestlem 

.< 1. 'Why the instrument is called a deflection magnetometer ? 

Which one is the needle-the shorter one or the longer one 7 Why 
the needle is enclosed m a box ? Why must there be two, a needle 
and a pointer 7 Could cot the dteulat scale be made of a smaller 
diameter or the needle made sufficiently long so that the needle 
itself could serve for the pointer as well 7 

2. What are the requirements of an ideal pointer 7 Can you 
suggest one 7 

3. Why is the needle deflected when the magnet is placed 
on the arm of the magnetometer 7 Why the magnet should be 
placed parallel to the arms in this selling 7 What is the harm 
if the magnet is placed X to the arms 7 

4. Why is the plane sniiroi faed below the needle 7 What 
are the sources of error in this cxperimeot and Jiow you proceed 
to remove them 7 

5. Way the dial of the compass box is levelled 7 What is the 
harm if it is not levelled. 

6. What will be the naiuie of the graph , drawn between 

'5i^..dco>e! ' 
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Ans. It will be a straight line because 
F 2Md „ . 

■"(ds *3” 0 - 

j g hf _ (d«~i»}a 

H tan 0 2d 


=£ k, a const, and cot 6 

(an 0 

(d^-iy 
2d “ 

(dS- 1»)S 


- -fc. cot /. 


oc cot $. 


Son graph between ^ »nd cot g witi be a 
line. Remember that cot fi-tan (90-0), i.c., if you 
the value of cot 3S^ (hen subtract 38 from 90®. It gi«s you 
Then (an of S2® will be the same as cot of 38®. 


EXPERIMENT 13.2 

Object—Comgare tb* ntagsetle moiantts »f tw« *•?•*** 
lettiag (be detleedea nagaetomettr is Tan-II pesllleo aad bdtf 
E^atl dlitioee aetbod. 


Theory 

lit f ~li tan f (tanieni law) 

Where r and U are (be (wo perpcndtcuUr fields tctif# 


»inij!!je<T>u»Iy c« the a.rrnetk- needle. h (he ^ made by Ih* 
msyneti^' aeeOle wilbtha Held II, when i) eomei into equilibiiu’f' 


M( 


-(( Mn 


VlJere Ti F»d f 




ift« d.M (<> <b« two 

hk-b a»w ((«»t.fllb< 

aeea de/l«iii'>ne j>rud<*.4d 

dw« w«h» awr^'* 

U.-S *1 
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liv) L-UotiT the half lengths Ij aad Ij of 

Mj tan ^2 

the magnets are so small and the distance d is so large that li* and 
12* can be neglected compared with d*. 



S 


Fig. n-2 

Sete—Tht maiHrtle nteilr thmild be thewn quite small In trngih 
compared neith the tetiglk ef the mafiier. Mark lit peitt 
end designate the 4 , made by the magnetle needle with 
tkefleld H,ns$. Rrmrmher that sliiee (ifiMgarfir 
needle lies on rAe equatorial time ef the magnet, to Ike 
field Feetlmg at the eentre of the needle and throngk the 
centre It gtarellel to the magnetle asdt of the magnet and 
la a dtrecfion from AVrtA ptde tide of the magnet leaardt 
the Semth pe'le tide of ihemagnet. 


J02 


PRACTICAL PHYSIl, 


Proccdore 

1. Examine tha apparatus and the working of 5is conponeo' 
very carefully. 

2. Setting (he magnetotoeier in Tan ^ pos<(/os, Retnnve 
magnets, magnetic materials and any other conductors canyinl 
eJectrjc current away from (he apparatus. First set the magneto 
meter in Tan~A position by (be method described in the Ian 
Experiment and the pointer reads 0*0. Next hold the magneto 
meter from (he extreme ends of Its arms and rotate through 
90^ so that the pointer reads 90-90. It means noif the arms are 
in the Noth'South direction, L e., in magnetic meridian since the 
arms have been rotated through exactly 90’ from their East-West 
position in Tan A position. Detore slatting work rotate the 
Compass box so that the pointer reads 0-0. Now the magneto 
meter is set in Tan B position. 

.3. Note the breadths of themagneis and mark tbeirmid 
points. Distances are to be measured from (be mid points of (be 
magnet always. So if practicaity distance from (he edge of (he 
magnet is observed, then to this distance, halt the breadth of the 
magnet should be added to know the exact distance from the 
centre of the magnet. 


5. Place the magoet A. on the South arm of the magneto 
meter and with the axis ofthemagnst perpendicular to the arms 
and in such a way that the pivot of the needle lies on the equaled 
riallineor the magnet. ( In tangent A position, the •»'* of the 
magnet was along the arms and not per|»rnd<cwlJf to the arms}. 


5. Suppose (he north pole of the magnet H lowerds W»$i, 
Adjust the distance of jbe magnet eo that ih* deflection obtained 
i* between 30* aadfiO*. Noteibe deflection by re.iJlng both the 
ends of the pointer ,fldal»o/«ord Ibedrttance of the cenlieof 
the magn« from the pfeot of (6c iwodte. This gi res two reaJmg,. 


a Rxnrersetbe poles of the »»!«< so that now the north 
f^eftbe magaei point, toward. F-ast. Mead Uth thyinU a, 
^poiater. keeping dolswce of tha magweUhe same, this makes 
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7. Next change the face of the ma^et and repeat the four 
readings of steps (5) and (6), keeping distance of the magnet, the 
same. This makes S readings. 

8. Transfer the same magneton the other arm, i. e.. North 
atm and keeping the centie of the^nagnelat the same distance 
as on South arm, repeat the above pfXKcdure and take 8 readings. 
This makes a total of sixteen readings for the same magnet A 
placed at the same distanced, on both the arms of the magneto- 
meter. Take the mean of these sixteen deflections and say (9i). 

9. Remove the magnet A away from the apparatus and place 
the magnet B in the same way and with its centre at the same 
distance. Repeat the same procedure to note the 16 deflections, 
the mean of which gives Qj. This forms one set of observation. 

10. Take such three sets of observations by changing the 
distance of the magnets. 

Ml 

11. Find separately for every set and take the mean. 
ObsnvalloBS 

Length of magnet A -L ...cm. l|«^L>...cm 

Length of magnet B-L...cm, Ij— ^L-...cm 

Deflection of the pointerxdeflectioti of the magnetic needle 
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CalcalatiQDs 

Ml 

Mj" 

Rnolt 

Mtan .(Being & catio it ha* no units) 

Mj 

Preeavtions . Same as in tbe last experiment. 

EXPERIMENT 133 

Object— Compare the magoeiie ranmeDts of two mangets by 
setting the deflectian Bagnctoinetct in Tan A position of Gnnss 
nnd ostng Noll method. 

Apparntoa—Denection magneiomeicr, two magnets and a 
metre rod. 


Theory 


The field at the needle due to magnet A is <x>uDier- 
balanced by the field Pg due to the second magnet B. ( the deflec. 


lion being zero]. So we have 
( 1 ) F.-F 


The magnetic needle lies on the magnetic axis of both the 
magnets, therefore 


(ii) 


or 


F 2Mtd, 

“(dia-l,*)! 

R 2Mid, 

* IdT^ 

2M|di 2M(d, 
(di*-li‘)> ” (dt»-il^ 

(d s«-iin» d, 
M," (d,».|,*)S ^d, 


(iii) if the magnets are so small that I, • and Ij* are 

negii^hie compared with di* and dt* respectively. 



Pt"" a-- 




f. 




-A-"-' 


Fig. *3'3 

rocriart „M,ut= their fc-Sll*' 

,. Mart . , 

nark their wid PO'"'*' . .v. Tan A po»it‘°” 

,, set th. Eat.-W.t. dtrectian and 

a, tier. 

minter read! O-O. a, a diitance Jj 

-.«s;?i.'Sr:ss 

^ith its -Uce the other njag«t towards the needle. 

„ry small. Then p jl, pole .. ^ion. 

«.agnetome.er aod -hich the 

This arm »«'*', "Joans deflection produ- 

Ihcmasnet ., .gnds at 0-0 agaw- deflection produced 

'““"“J"” to"* 
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Note the distaace of the centre of the magnet B, from the needle. 
This makes two readings. 

5. Turn the magnet B upside down and reverse its face. Ad- 
just its distance to get zero deflection again. Note the distance 
of the centre of the magnet. This makes three readings. 

6. Reverse the poles of A. Then the poles of B will also 
have to be reversed and again the distance of B. adjusted to get 
zero deflection. Note the distance of B again. This makes four 
readings. 

7. Now place the magnet A first with its N-pole and then 
S-poIe towards the needle, on the West arm of the magnetometer, 
keeping the distance di of its centre from the needle, the same as 
on the East Arm. Note the corresponding distances of the centre 
of the magnet B, which is now placed on the East Arm and whttse 
position is adjusted to gel zero deflection. These ^wo readings 
along with four, already taken make su readings. 

Next reverse the face of magiiei 8 and note its distances first 
when N— pole of both the magnets A and B are towards the 
needle and again when S- poles of both the magnets A and B are 
towards the needle. This makes 8 readings. Let mean of these 
eight readings be dj. This forms one sec 

8. Repeat the experiment by placing magnet A, at two more 
fixed distances. Thus three sets of observatvons are obtained. 

9. Calculate^ separately for every set and then ca!ci> 

M| 

1 L hl| 

late the mean 


ObsertalioDs 

Length of magnet A»L ...cm, .cm 

Length of magnet B-L ...cm. l|-~L=...cm 



m 


PRACTICAL J 



FiS. J3-J 

Procedore 

1. Mark the fflafneta at A and B, measure their lengtl 
mark thefr mid points. 

2. Set the magnetometer in the Tea A position as disc 
earlier. The arms are therefore in the East-West direction an 
pointer reads 00. 

3. PJai'ethe magnet A with its mid point atadistaft 
kept fixed always) on the East arm of (he magnetometer 
with its North pole towards the needle. Defjection should nc 
verysmali. Then place the other magnet Bon the West an 
the magnetometer and with its north poie towards the nee 
This magnet deflects the needle in the opposite direction. M 
the magnet B along the arm and find a position for which 
raagncTic needle stands at 0-0 again. It means deflection pro 
ced by 8 is exactly equal and opposite (0 the deflection pr 

by A so that the net deflectioa is aero. This is so 1 
couple on the needle due to <Kie magnet is exactly " 
opposite to the couple due to the other.. Note the distan 
centre of the magnet B. 

4. Now reverse the poles of the ' magnet A on ■ 
ann so that its south pole now points towards • 
distance of its mid pt^nt from the needle 
equal to dj as before. 

You will have to reverse the poles of ■ ‘ 

(be same West arm and adjust its position tc 
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CalCDUtioDs— (1) 

Resalt 

Mean^^a*... (Being a ratio, it bas no units). 

M, 

PrecantIons~-lQ addition to the general precautions to be 
obscived with a deflection TOagnetonveter, the following prccau- 
tiODS are note worthy. 

1. Both the ends of the pointer may notread zero before 
starting the experiment. Hence while setting the instrument, 
make only one end read zero. Do not bother about the other. 
Then in all subsequent readings in the experiment, the same end is 
to be brought to zero always by adjusting the distance of magnet B. 

9. Similar poles of both the magnets should point towards 
the needle to that their fields may be opposite otherwise zero 
deflection will not be obtained. 

3. In one particular set, distance of one magnet (A) is to be 
kept fixed and distance of only the other magnet (B) is to be 
adjusted in the eight readings to be obtained, to get zero deflection 
every time. 

Oral Qnetlons 

1. Which setting for the magnetometer you prefer ? Tan A or 
Tan B. 

Ans— Tan A position is preferred because the field due to 
the same magnet placed at the same distance is twice In Tan A 
position than in Tan B position. Therefor (he same magnet and 
for the same distance, ihedefleciioo produced in Tan*A setting 
will be more. Consequently the accuracy in measuring deflection 
will be more. 

Z Which method do yoo prefer for comparing the magnetic 
moments of two magnets, deflection method or null method and 
why 7 

Ans. Null method is preferred because the deflection in ibis 
method is leto. always. Sodefleetioa h not to be measured and 
therefore the errors which conid be committed in measuring the 
deflection, are eliminated. 



DUtanra ot the mid pt of Ihe mssnet n flora Ihe ntm!" ^ “ 
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C&knUtlons — (I ) . 

R«s«U 


McaO] 


. (Being a ratio, it has oo units). 


PreesntlODs—Io addition to the general precautions to be 
observed with a deflection magnetometer, the following precau- 
tions are note worthy. 

1. Both the ends of the pointer may not read zero before 
starling the experiment. Hence while setting the instrument, 
make only one end read zero. Do not bother about the other. 
Then in all subsequent readings in the experiment, the same end is 
to be brought to zero always by adjusting the distance of magnet B. 

9. Similar poles of both the magnets should point towards 
(he needle so that their fields may be opposite otherwise zero 
deflection will not be obtained. 


3. In one particular set, distance of one magnet (A) is to be 
kept fixed and distance of only the other magnet (B) is to be 
adjusted in the eight readinp to be obtained, to gel zero deflection 
every time. 


Oral Qeetions 

1. Which setting for the magnetometer you prefer ? Tan A or 
Tan B, 

Ana — Tan A position is preferred because the field due to 
the same magnet placed at the same distance is twice in Tan A 
position than in Tan B position. Therefor the same magnet and 
for the same distance, the deflection produced in Tan-A setting 
will be more. Consequeally the accuracy in measuring deflection 
will be more. 

2. Which method do you prefer for comparing the magnetic 
moments of two magnets, deflectmo method oroutl method and 
why 7 

Ans. Null method is preferred because the deflection in this 
method is zero, always. So deflection is not to be measured and 
therefore the errors which cooM U committed in measuring the 
deflection, are eliminated. 



”2 PRACTICALPJ 

tance of centre of the magnet B, each time. This mal 
readings. 

6. Then transfer the magnet A on to the North Arm t 
magnet B on to the South arm. Keeping the distant^ of 
of the magnet A> the same. Le., di as on the South am, rep< 
above process and take the four readings of the distance of 
of the magnet D, when B is placed on the other arm, i. e., 
arm. So eight readings of the distance of magnet BhaV' 
obtained corresponding to fixed distance d^ of magnet t 
mean of these eight readings he d;. This forms one set. 

Repeat the esperiment by placing magnet A, at two 
‘ixed distances. Thus three sets of observations are ebtaine 

8. Calculate separately for every set and find meai 

Mj 

Ihserratioas 

Length of magnet A—L an, 
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Mean (Bang a rafio, f* hai co onifi).- 

PrecaoHons ; — Same as lo the previous expen’ment, 


EXPERIMENT 13.5 


Object — Plot a graph between and cot $ ter dlffe- 

rent valaes of d and mean Bln Tan A settles of the deflection 
magaetooieter. fnterpret this graph. (R. V. t9M) 

Hlat 
Theory 

gff tan 0 (for Tan A poiitiool 
^ If * 

Now ^ ss constl. (K) for a msgnet and for a pjrll» 
cular place 
K 

tan B* 2d 


fleece graph between ^£l^*a8d cot B will be a itralfhl 

lioe. 

RcweBiber that col Batsa 
Eximplea cot 3»**sfan (W-Wfwtea 32* 
cot fv^taa yy 

C5lxb«>^b7 aUvUcaeor cf ta aegle hy trxrruUing 
taWc*. The *a|j<of «a •»!! be the SI 

eitarxl U2p=* 
thatef cotFP. 
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EXPERIMENT 13.fi 

Object - Verify Inrerse square law of DagDetism wltb tbc 
help of deflection magnetometer. 

Theory ’ 

' A magnet of magnetic momeoi M and length 21 is placed at 
a distance d from the magnetic needle. Let 0 and ^ be the mean 
deflections obtained when the magnetometer is set in Tan A and 
Tan B positions respectively. F^ and Fg are the fields due 
to the same magnet, acting on the oeedle when magnetometer is 
set in Tan A and Tan B positions respectively. 


F. 2Md 


A _ O 

' ' 


12) 

r.- la . 2d(d> + l«)*« tane 

D'vidmgs 

(3) 


Procedare 

Place a magnet at a dUiaoce d os the arm of a magnet ometer 
setinTanA position and find the mean fioftbelfi deflections 
obtained. 

Then set the magnetometer in Tan B position. PJace the 
same magnet at the same distance d on its arm and find the mean 
^ of the 16 deflections obtained. Then show that equation (3) is 
(rue. Equation (3) has been deduced from equations which were 
derived on the basis of inverse square law. So if practically, 
equation (3) is verified to be true, it means inverse square law has 
been indirectly verified to be (rue. 


VIBRATIC 

3VTAONETOMETE 


EXPERIMENT I4.I 


Object— Conpire lb« Dagnttle BMmeoti af (woBipcti 
fibrat/aa aagattatatter a^lag Bwmnt af /aerf/a oMf&oi. 


ApparalBf— Vibration fnagnetODCter, two masoets. »P» 
level, compass needle, a brass bar, stop watch, vernier callipe 
or metre rod. physical balance and weight box. 


Theory 


When a magnet suspended freely from Its eentreof grssiiyJ 
displaced through an from its natural position ia the isapetl 
meridian, a couple MH sin $ acts on the magoet and the maps 
begins to oscillate with a small amplitude in a hotixontal plani 
about the vertical axis passing through its centre of gravity. !>■ 
time period is given by 



Where H-> the horizontal component of Earths field. 

ij — the moment of inertia of the magnet about its 
axis of osdiiatioo. 

and Ti-" the time period of first magnet. 

(ii) T»=2ir / few the second magnet. 


Ml 




rfLtagtap* 

I^MassxL Yf 


YLengfh;*-* fPre»dth>»7 



i. e., for a RctangaUr bar magnet 

and ^ cylindrical magnet 

when R—the radius of the cylindrical magnet 
m=its mass 



Couple=MH sin f 

rrocednre 

1. Level the vibration magnelomeier with the help of a spirit 
level by adjusting the levelling screws. When levelled, the sus- 
pension thread will not touch the sides. It will pass through the 
centre of the hole. 

2. To set the migBetOBKCer in the nsgaetic meildita. A line 
b already marked on the plane mirror fixed to the floor of the 
magnetometer. The line b parallel to the slit. Place a compass 
needle on thb line and rotate the box till the compass needle 
becomes parallel to the Ime. hfarfc the boundary line around the 
boa which now lies in the magnetic meridian. 
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3. 


4. 


5. 


= .gm cm* 

*=•.. .gm an* 

Ml 

Ml" Ii ^T,* 

e., — - Bring a rsiio, it has got no units. 


PrecaatioBs 


1. The suspension fibre should be carefully chosen; it should 
be free from twist. UospuD silken thread serves best. 

2. No magnetic substance should be present in the neighbour* 
hood of the magnetometer. 

3. No metal thould be present (n its vicinity beiause this 
vibrating magnet would cause the flow of eddy currents In that 
metal, due to the variation of magnetic flux in the metal. Cons^ 
eiuently (he vibrations will get damped and (he tin; period will be 
affected. 

4. The formula holds good only for siaatl amplitudes (I.e. In 

which sin Soiee tfass site amplitude dors not exceed SK 

5. Before itartiag the experiioent, (he msinetomsier should 
he set In the magnetic raeridlao aud twist in the thread. If any, 
ihocid be removed tecordiag to step 3 of the procedure given 
above. 

6. The aiis of suspension should pais through (he centre of 
gravity of the magnet. 

7. When the magnet is placed in (he stirrup, see (hat (he 
olxse coatamlflf the length and the breadth of the magnet remains 
torieooul This it no^fssiry soihalthe horieonial component of 
earth's field «!<=««’ »hocJJ act on the magnei. 

g Theettf*'*^ ihoofil be small w that ft vibrsies in a uni* 
j— jn/SrM Its north pole should point towards leogrephhral north 
1 / iecar^. Sobtfoft starring (h* experiment check (he pole* 

^ *ie eisp*^ *** aagneti ere noi deemagnellied- 
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9. For CDuntiDS the number of vibrations, count ZERO and 
not ONE, when the magnet passes through the magnetic meridian 
and siitultaneously the stop watch is started. 

l\. Remember length and breadth of the magnet are those 
dimensiansor themagnet, which are perpendicular lotbesus* 
pensior thread and thickness it parallel to theaais of snspensioo. 
Don't' confuse breadth With tbicknett. 

/ II. Note the time very carefully, twice for the tame number 
of^vibrations. In the table, record the time in minutes and seconds 
as read on the stop watch. Then convert minutes into seconds. 
Siurces of error 

1. The suspension thread is not completely free from twist. 
So a couple due to twist acts and causes an error. 

2. When the magnet is set to be horuontal. (so that only the 
fl-ld II ana on tbe magnet}, the centre of gravity of the magnet is 
Nl)T eaartly below (be point of suspension. The reason for (his 
is) hat the motneai of the couple due to vrrti<al componeniof 
errth'i field, acting on (he msgnet hat to be balanced by the mO' 
laent due to weight of the nvagact. when magnet ss borisontal. 

/Hence there occurs an error in tbe measurement of radius of gyra- 
i tion and hence in the tDeaiurement of moment of inertia. 

‘ 3. Damping also affects the time petiod. 

e. Amplitude can not be decreased very ouch, praciically 
but theoretically il is required co be smalL 
Oral Qaeslloaa 

I. W'hy the apparatus is made of woodT Are there no iron 
nails filed ia it 7 Whit is tbe use of (be mirror fteed to its floor T 
Why above (he apparaiui, tbetehe. tbrovgh which Iheihread 
rasses.Uofg!an7 Why the tidesoC the Bagnetomerer boi have 
glass thet<s7 

3. Will you prefer a eaignetoaeter bcaoflosg glass tube or 
emtl lube 7 

Aat->*nie lime period of oecillaiioo it iadepeadrvt cfike 
length cf tbe saspeciioa thread. SiCt we prefer a lorg teriical 
giaistubeto kssva greater lesgtb e< ssspmkm ihrtai. The 
effm of icnkia ia the ttnpensioe. if aty, wdl Koame aeglig.Ne 
d’ the »espesisK<a U Ireg. 
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3. In which directjon a fftelyfaipecded magnet wonW point? 
On being deneeted, why thiafrrelf mpeeded maiBct viiraJa ? 
Whkl ii the nature of these Tibratioos 7 

4. Upon what factors dosf the time period depend 7 How 
theHms period of (he magnet changes, whence go from the 
equator to (he poles 7 

5. WilJ you chose a magnet of large magnetic momenl 7 Of 
what material, the magnets are made 7 

6. tVhat if the principle of (bis experiment ? 

7. What is the use of (be tdmip 7 

8. What is momea( of Inertia and what are its nnits 7 

EXPERIMENT 14.2 

Object— Using tibration nagne(one(fr, compare (be asgatie 
moments of two msgoets by soni and difference method. 



M-Mi + M, M=Mi-Ms 

time period— Tj time penod-T* 



Theory and formola 


Ti is the time period in the earn reading, i.e., when N-poles 
of both the magnets point towards geographical north of the 
earth, 

T] is the time period in the difference reading, i.e., when 
N'pole of the stronger magnet is towards North of the earth 
and N-poIe of the weaker magnet is towards South of (he 
earth. 

The moment of inertia I— Ij+I;. of the combination remains 
the same in the sum reading and also the difference reading. The 
total magnetic moment M = in the sum reading and 

M = — in the difference reading. 


T, aJff / ‘i + U 

....(1) 


T.-2,r/ 'a±U_ 



. (2) 

Squaring (I) and (2) we get 


T S .1 i *1 + <1 

(M.VmVi 

(3) 

T,*ei4wa *1+*1 

* (M,-M,)H 



Dividing (4) by (3) 
M y-fM, ^ JV 
M, -M, "t,* 


Apply ccmponendo and dividendo. 

Hi t,« + t,» 

M, "t,« -T,* 


Proctdarc 

Steps I to 3 are e&acily the same as desnibed in eaperi- 
went No. 14.1 above. 



Tint of flll check ifie polei ct Ihe two flvens»r'^ 
ftc lure thni neiihcf of ih« two msinct* It demjjr.eiijci- 
majtfiet I* dem.ifnetited, Tf will t<« the lamcajTi 


denominalof jn (5) will become rero *cd ^ will ceffls out wfe*- 
which <} NOT pojiihlc. 


5. Tcjt which of Ihe mifncts is iiron^er. For Chi*, pi** 
mnfnct» hy turn, on the arm of a deficciton reafneCcmeter.at''* 
same tllJiance. The one which produces a greater deflectionis 
the needle of the deflection magnetometer. Is stronger. 


6. Place In the stirrup (he two magnetJ symmetrkalJyt^' 
abo\e the other, with similar poles pointing towards north of ihr 



two pairs of hooks are provided in the stirrup, then onsinaP** 
should be placed In the upper hook and the other magnet ia the 
lower hook. Since now they are a good distance apart, they *0“’* 
induce polarity and hence (here is no need of placing any 
board between (hem. 

The combination is ready for sunMbservation. Its time period 
Ti is observed. 

7 . For the difference reading, shift the north pole of the 
weaker magnet from north towards south of the earth. Keep the 
North pole of the stronger magnet toward North of the earth, 
otherwise the combination of the magnets will rotate through ISO*. 
Note the time period of this combination. It is T,. 

8. Calculalej[‘ using formula (5) above. 



Obsecfatlocs 




Sum Reading 

Difference reading 

z 

1 

il 

25 

Time in 
Minutes 
and 

1 seconds 

Time 

in 

secs. 

Time 1 

Period 

TtCsec.) 

Time in 
Mill, and 
sea 

Time | 
sics ’ 

Time 

Period 

Ta (see.) 

■1 

20 








20 







3 

25 







4 

2S 








30 







I 

30 

t 


1 





Mean Ti-14'7 aecoods (say) 
Mean Tf 3$-3 seconds (say) 
Caleolstloas 

Ml T« S4-Ti« 

T|* ^Tx» 


(3j-3 )U(t4-7 1t 

“73S'3)Tr(rr7^ 


1247-0 4-2 I6-I 
I24f0-216T 


1463-1 

1030-9 


Resnll ^•-1-419 


log 35-3 -1-5478 
2 

anUIeg f69S6 
-1247 

Iog!4-7-M673 

2 

antilog 2-3346 
-216-1 

log 1463-3-1653 
log 1031-3-0133 
aniilog O-rsio" 
-1*419 


Beiog B ratio. 


M, 

KT, 


tias DO imits. 
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Adaitional Precantlons ... ■ ■ 

1. Don't allow the magnets to touch each other. They 

induce polarity on each other and jn which 

place cardboard between them Of use such an app 

they can be placed one above the other, 1 or 2 ap • 

2. If in the difference reading* the ^t hss 

through >80°. it means the North pole of the s g^ the poles of 

been placed towards South of the earth. 

the magnets end to end. .,,,,1 because 

3. The magoclicmomtiils should not bcncar^yjl .id hence 

M.-M,svill become very small to difrem^ M,-Ms-0- 

period T.will become very latge. 'f 

Ts- 00 . So It will be impossible to record any P 

4. While changing from sum to difference rea m . 
weaker magnet has to be reversed. 

""TMair." ladoollen aelia. -luaby bo .he .»o mayec 
will change (he values of •nd Mj. 

^ The geometrical axis and the magnetic axis of the 
„.,„o.eoioelde, 

,.Why I. Shi. -bbO '‘;;“",h‘:'‘be';"‘r',hT. 

„„hbd1 Whe.lsUslmP;--;"" a.d I. ibis me.h 

‘”'"1 Wb''y"‘<b»"ld”h«'"s,u..ib ..is bf .he msinelsK 

-“'•'i'^ha. (. .h.b— “b "■ 

‘'‘’“l'sbb..d.h 

AM. It should bahghlrM)* ^ fiow of induevd 

„L«« ia ihestJrrup. Th«a wi»^^ 
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MEASUREMENT OF 
EESISTA.NCE 

Aq unknown tesistancc can be determined by making use of 
Ohm’j Law R — -^' Thus the unknown resistance will be equal 
to the ratio of deflections obtained in the voltmeter and the 
ammeter. These deflections can not be determined accurately. 
Hence the value of R will not be accurate. If a method is evolved 
in which deflection remains aero and some other quantities are 
measured with a greater accuracy, such a method will be a NULL 
METHOD and hence preferable to the deneciion method. Such 
a null method is based upon Wheatstone's bridge prmcipie. 


B 



Rg. 15.1 

A Wheatstone's bridge consists of four resistances P, Q, R and S 
connected as shown in the fig. 15*1. Between the points A and C, 
a cell along with a key Ki is connected and between the points B 
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D, s fftlvanomeftf uhng wiih « key K, h coneecitd. Oac-fr 
P n ? to flow ihrovgh all jhe four 

» Q, K nnd S. Then oa pressing ley Kj, if gakanoorKf 
2 ero deflection, .i.e., if no current fJowi in Ibe branch B D, H co=’ 
the resistances P.O.Rtnd Sare such that potential 
poienlialaiD. This Is poiiiMe when X Tien bridg: ** 
said to be balanced, 

Cooclosloo 

IftheresistancesP.Q. Rand Safe adjusted Jo such a 

that on pressing first key K, and then key K*, galvanooeter pvn 
zero deflection, it means the bridge is balanced and the condiik® 
PR.... . 

V " S '* ““S *etisfidd- Metre bridge and P. 0, box arsti* 

practical examples of Wheatstone's bridge. 

experiment 15.1 

Objecl-Uslisni,,,, brlds., .f lit 

Slf<» dit. ..d lb.. ..k.l.i. ,b, 
of the wire. 

Apparatos 

M.lre bridge, d.c,D,.l Ohm R.sHi.„„ box, Locl.ncb. etU, 
E.lva.oiIl.Kr, Strew g.ujt,Mttre .c.lt, plug,.,. „„„tcli.! 
wires etc. 



X-UnlnoBn rtsistsBce, F. B-a decimal Ohm resislanoc boj 
LC-UcIaeche cell, J- Jockey PK-pIaskey, G-Gal,.„omele,' 
W-Metre bridge wire lOQ cm lopg-AC 


1-Balancing length corresponding to unknown resistance X 
/=’=resistance per cm length of the wire. 

Theory and Formnla 


If galvanometer gives aero deflection when th 
touched at the point D, it means the metre bridge is 
hence from equivalent Wheatstone's bridge diagram, 


e Ji’ckey J is 
balanced and 
we have 



Where 1 is 
of the wire, whe 




the distance of ib« null 
:n unknown resistance X 
X.jrf> 

•“"“ir 


poini from the left end 
Is In the left gap. 


A 


Where 


.--Specificresisianceof the 
■wire. • • 


material of the given 


t-radius of the given wire 

L-the effective length of the wire i 

■ ' of the wire minus the length under 


e.> total length 
the screws. 
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Procedure 


I. Make the coBnccttonj »% ihown Jo the figure I5-X If there 
re four gaps Jn the apparatus, two of these may be cfosed 6y 
inserting two thick metal plates 


2, Start the current io the circuit by closing the plug key. 
rtkeoutoneortwoohmpfugftomthe resistance box. Place the 
jockey J at one end A of the wire and note the galfanometer 
deflection. Then place the j'oek^ J at the other end C of the 
wire and again note the dettcefion. If these deflections are ra 
opposite directions, it means the connections are correct. For further 
confirmatioo, place Che jockey fat the middle of the wire and 
note the deflections by making R=0 and R -» , The two defleo* 
tiODi in opposite directions would mean the connections are 
correct. 


3. Using resistances even up to Hnt place of decimal, adj'ust 
the resistance R is the R. S. in such a way that (he du) 1 point is 
obtained nearly at the middle of the wire. If null point is obtai* 
ned exact Ij* a t the middle of the wire, L t., if the jockey J divides 
the wire AC Into two exactly equal halves, it would mean that the 
unknown resistance X is equaJ to the resistance R in the R. B. So 
without making calculations, is would give you so idea about the 
exact magnitude of X, which would be equal to R, 

4. With uokflowa resistance X in the Jeft gap, find the dis- 
tance I' of the null point from the left end A of the wire. Inter- 
change the resisfancesR and X, so thatuofcnwoa resistance X is 
now in the right gap. Measure the distance 1" of the null point, 
from the right end C of the wire. Take the mean of I' and I'. It 
:sl, U« the formula X-Rj-gg^ to calculate the unknown 
esistsneeX. This hone set, 

Me-~I‘ 

fen gthJ meaiured oh the it Jo of X, always. 

/. l‘ ohJ!" should not ilj/tr by mare thanl cm. Yourohstr- 
latlons wilt bt toHSidered better l/V and 1- ere quite 
dose to each ether. Sa whUe Merehantint the rttfu 
lanees. see that tkepanloa e/the wire under the strews 
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'fmahsikesameintkeltftgapas wellaj in the right 

zap. Also the pressure of eonneetions should not 
change, 

Ki-R-B.in .tcp, of-] ohm 

or 2ohm,i,e.,takeresistaacelnRBox-R-*2.R--i r r . .. , j 

IL” ftdTho 1“““' 

6. Disconnoct iht msi.i.oco «i,e ,„d , 

Ih=m=],0 sole. As, ho potiiooof ,ho«],o „„d-r .h, 
d=os .o,coo„ibo,. ,omsU.„oo ]. ^.p, ho“„'"o, J' 

portion Whiln msa.minj is„j,h l of ,ho *' 

7. With the help of a screw gauge meacur>> tK. m- 
. o»iron..,. diffomn.poin.. aS,“ oTn^ 
atovcpoin. i„p„po,d]o„,„dimo„.,, Fw"::; 

D and theo calculate its radios ^--y. 

8. Using the formula X , 

rmuia ^_X -j_, calculate the specific 

resisl.ncc o of tho mnle.lal of tho g„e„ 

Obscrratloos 
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Leofth Lof the resistance wire«*.<....ctn$ ■ 

Least count of the screw j^ugc-... .cm 
Zero crcorin screw gauge-* mm- cm 





if.'Ti f'«» 
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2. Da not press the jo<Aey on the *Lre, because it will make 
Jhe cross-section oflhewirc non nniform. Although meter bridge 
is called slide wire bridge also yet do not slide the jockey by 
pressing it on the wire. 

3. First press the plug key and ttt«Q press the jockey ]. If 
you press these keys in the reverse order, you are likiytomiss 
the actual null point because galvanometer may give deflection 
due to the flow of induced current in it. even when the bridge is 
balanced. 

4. To begin with, galvanometer may be shunted to avoid 
damage toils cod. Then near the null point the shunt maybe 
removed. 

5. Thr plugs tn the resistance bo* should be tight. They 
should not be hammered down, bui they should be rotated to 
make them tight. Wheneser a pantculat plug is taken out, the 
plugs on either side of it get loose. So they should be tightened. 
Uie decimal ohm box. 

6. Allow the current to flow only for small lime, because 
otherwise wire will get hot and its resUiam.'e may change. For 
the same reason, do not use a lead accumulator, as it will send a 
large current and thus heat the wire. So use Laclanche cell. 

7. When the unknown resisuace and the resistance box are 
interchanged, the distance of the null point should he measured 
from the other end of the svire. 

S. Observations should be repealed after reverting the direc- 
tion of cuccctii in the wire AC errors doe to Peltier’* effect 
will gel eliminated. 

9. X and R must he iDierchaoged and while doing so the 
pressure of conneciioas should not change. Do not taduie (he 
wire that has come under the screws while measuring lenjihLof 
the wire. 

Source* of error 

1. Due to noa U3ironn,i]r of the one metre long wire stretched 
o« the metre bridge. ‘ ' * 
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2. Due to end lesisiances. 

3. Due to large least count eq\ui to one mm for messuri: 
leogtli. 

4. Due to Pcltjci's effect. 

Oral Questions 

J. Wiy coDoecring wires are of copper andwAy are the 
wrapped witb thread 7 

2 Define resistance, specific resistance, current, potenlia 
difference and also name their units. 

3. Why resistance sviresaredouMed on IhcmseKes befor* 
they are made into coifs 7 

4. Why resistance box is closed from all side* 7 Ilo*v the 
resistance coils are joined in it and whai is there below the plug 
of Infinite resistance. 

5. Why gsivaocmeter gives deflection on passing currcBl 
and why its needle stops at a particular division when a particular 
current passed 7 

6. What are other methods for determining the resiitaniY 
and out of them which one »» the best 7 

7. Why roelrc bridge »»o»Wed # metre bridge 7 Can't the wire 
stretched on it be of copper. If not, why so ? 

g What are end resistaners and how do they come into 
picture 7 

9. Why th* roeiaJlic plates joined In two gaps, so polished 7 

10. What are coojofate arms T When will the bridge be 
tacsl *er>i»i*e 7 

11. Caashe metre biKlge wire be taken very long or very 
short ? 

tXPEItIMr.ST 15 g 

OlJacf-^Veri/y (W la*e eg ettlitsam |a Mff** aeg 
fVtfith esleg ■etr* hrWge. 
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FonnaU 


Rg -Ri+Ri 

1 1 ,_L 


•(t) 

-(2) 


When the retistaoces ate joined to aeries, theU equivalent 
resistance is equal to the sum of the todividtial resistances. -When 
the resistances are joined in parallel, the reciprocal of their equi- 
valent resistance is equal to the aura of the reciprocals of the 
individual resistances. 


’ ■* — 

RjiRi+R, 

^ — —AVAWMVtWAW' — 


*?p Ri Rj 

. 


Series combination Parallel eombination 

Fig. 1S.5 

Procedare 

1. Find the resistances R| and Rt of the two resistance wires 
sepaiatel;, according to the procedure given in espetinsent 15,1 

2. Join Ri and Rt in aeries and connect thii aeries combina- 
iioR in the left gap AB of the tnetre>&tidge and find their equi* 
valent resistance . Disconnect Ihetn and again connect them, 
this time in parallel combiBation. to the gapABof the metre 
bridge and determine their equivalent resistance Rp . 

3. Then make a (able as given on nest page and show that 
is Rj very nearly equal to R,4-R{8ad-^ is equal 
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. ;r — 

re^ fSit I i lit >1 I ’ ^ 

», r, ’i 

MOD ”»* 

”» ' 


Rj -(Ri ♦ Rj>-a »ef> imtil (|uani)(y 

So Rj. '■Rj4-R|IO Ij* of letitiancei in teiksh 

utiri). terytmall ifuaadiy negligibte 

So -jj-p resisianni in parallel* 

ttfrifietl. 


'ecasUcfl* 

Don't [ske wires of \try scnaii resisiooce* because in parallel 
imbinatioo. the resistance will further decrease and heitre the 
rorwill increase. 

Oral Questions 

J. What is the uharacierjstic of senes combination ? 

' An*- The same current passes through both the wires. 

I ' 2 What is the charactcrisiicof parallel combination 7 
, -j-jif same potential difference exists bet wcen't he ends cf 

Ab% i* desired to decrease.lbe current in the 



MESUREMENT OF RESISTANCE 


137 


4. Where is parallel combination nsed ? 

An*, (i) When we want to increase Ihe current in the 
circuit. 

(ii) When (he addition of one resistance is not desired to 
change the current in the other resistance. 

example — Electric bulbs are connected in parallels. 

Sole— The Equivalent retlstaneeaf a numher of reiisianees 
conneeieJ In paroUel is alwars lets that the ieas! of all of 
them. 

MedinraltORS 

EXPERIMENT IS.3 


Object— Sludj (he riflatlea «f resistance of a wire of a {iTen 
material with Itosih. 

Hint: Reel 

Take three lengths l|, I^and Ijof (he same wire, i. e., wire of 
the same material and the ume diameter and find their renslinm 
R|, R} and Rj. 

Then show that - 5* . consit. 

U •» 'a 

D 

i.«. -j > consii. 
or R a I 

lienee a graph between resistance and length wilt be a 
strai|hi line. 

EXPERIMENT 15.4 


Object— Sladj tbe sarletlenof resIstaBrc with diaBeter, by 
tables "Ires of tbe ssne naterlal. and tame lensib bat of dUfrrrat 
ditascim. 


mat : 


R a ^ where A— i 
SoRa^. 


:a cf cTosi.»ection of w ire. 
D» 


llerce shew- that R.D,i.R,Dt»R«D)<-ooeiti. 

Lc.. RDSxcoesti. 
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"• experiment ‘M ^ ,« s.,.. 

Ire by metre brlds'- 

^,E=hmp«cm. Mhclpol 


re mean 

experiment 15-6 

•cmined as 

' “”’ experiment I5T „J . 

:’e|ponlI»8 •” E- 
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Rjisoznjt 

X the unknown resistance is constant 
Hence R a -|- 

Hcncc a graph between resistance R in the R box and reci- 
procal of the length 1 (corresponding to unknown resistance X), 
will be a straight line. 



Fonher on putting -p-O in equation (\>wa get, 
R «0-X 
1. e.,X--R 


...( 2 ) 


Hence if the straight line graph is produced, it will meet the 
axis of R, on its negative side at a point P whose distance from O, 
the origin would measure the unknown resistance X. So the un- 
known resistance X can be determined from this graph but since 
you have to find its absolute value, see that you take aero of 
-p and aero of R as the origin itself. 


16 

I»OST OFFICE BC 


Post office box, like metre bridge is based on WheatsU 
bridge priadple. Three afms P, Q and R of Wheatstone's hr 
principle are permanently provided in the Post Office bot it 
The fourth arm S is provided from outside by the unkm 
resistance. Arms PandQtn the Post Office hox are cal/ed 
ratio arms and each arm contains resistance coils of 10 , 100 1 
1000 ohms joined in series. The third arm R is called the varia 
resisiance arm or the rheostat arm. It contains reiisionce n 

of one ohm, 2 ohms and JOOO ohms, ail joined in series. T 

total resistance of all the coils in this arm R Is 1 11 10 ohms ai 
the resistance in (his arm can he varied in steps of one ohm. fro 
oneohm to llllOohms. Thepointi AantlJIhave hcen hroujfl 
oatofA' and B* through tapping keys by making tvnnect/ofl 
internally as shown hy dots. 

Tor the measurement of resistance, metre hrl.l^ocin tMusr 
an error i/p fo5% and iheP. O. Kit cjn measure resist, smes up to 
second pface efdrdmal end with error ieu than I”, for verr 
small tesistafiecs, it H not a eo*id inttrument hut for ordlnjry 
reslstaoces, It gives <|«H'’k and accurate rcsulis. The resiststicc 
tv'ilruscd iflilare made of mang-inm whivh hasahiyh spe\.ific 
resistance aeJ low lempcraiute coeffKienI of tetitlance, fo nvolJ 
the effect ef svjfsr vaptiuff present In eir, the coils aretetledin 
a ci'>s<J hcs. 

rxpCRi'ff.vr It t 

Obi-«t~t’slit5 Pv<irOrne« h-»i, rfvrimnfns iS* rrsIsUece *f 
wlreaej ih** raloalar* rSesp*ci«c miitsere ef ifc* 


Apptratos— Posl offvct bo*. LwJancht celf. Galvanometer, 
Screw gauge, Metrescale, Connecting wires. Sand paper etc. 



Post Office Box diagram 



Equivalent Wheatstone's bridge diagtam 
Tbeory and formula 

If on pressing key K| and then key Kj. galvanometer gives 
zero deflection, it means Ihe bridge is balanced and hence the 
condition 




vRAcncAim^ 


i42 


^ , h ftittg Mtisfied and frctn 

which X-r|^ 

Krowini! p. QBKdR, value *f X. the unknown resisu 
•an he calcuJaifd. Thcraiio can be kepi as 1,0-1 « C 

X Wf» ^ 

ohm cm 

where «>-ipcctficrcsis(aace of ihe material of wife. 
r«<radius of the wire measured in era*. 

L—Tolal length of the wire between the screws** 
weasured in arts. 

Procedure 

1. Noie carefully which poioisate internally eennectedn 
the Post office bo* and locate (be points A, B. C and !>• 
the connections as shown in the figure, i. e., insert the palsano 
meter between B and O via the tapping key B’. Connect the cell 
between A and C via the tapping key A'. Connect Ihe unlnoaa 
resistance between C and D, i.e., between ihe free ends of arms 

Q and R. 

Z First of oil take out 10 ohms plug from each of the arm* 
P and Q. 

/fate : — Jf you do not do so, you tvon't gel any de/lection at <dl 
the galyanometer. See that all the remaining plap^'* 
the arms P, Qand R are tight. 

To test svhclher the connections are correct or not, keep 
R»0 and first press the celt key K| and then the galvaouffleter 
key K^ Note the deflection. Ne«i make R-ae.and repeat the 
above process. If now the deflection isina direction opposite 
fo that obtained by keeping R~ 0 , it means, the connections are 
correct- If the deflection is in the same direction again, check 
up the connections and see Ihai the onesided deflection is not 
due to loose plug*- 
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note the defJection. Go on Increasing R in steps of one ohm, 
and note the direction of deflection every time. Thus find con- 
secutive resistances ( say 3 and 4 ohm) ia arm R, for which deflec- 
tioos are obtained in opposite directioas. Nate these observations 
in the proper columns in the observation table. Since PandQ 
are equal. So the unknown resistanoe X is also equal to (he resis- 
tance in third arm R, i.e., X lies somewhere between 3 and 4 ohms. 
(Don't say X ts eqnal to the mean of 3 and 4 ohm). 

4. Nest make P-lOO ft*, keeping Q-IO il. Don’t forget to 
introduce the 10 f^s plug in P. because otherwise it will make 
PSIlOf^s. Now sines Pisien times Q, from the formula 
X-R ^.itis clear that R will also have lobe increased ten 
limes, in order to get the null point. Hence search for consecutive 
resistances between 30 SI* and 40 fts in R. for which galvano- 
meter Bi^es deflections in opposite directions. Let these be 37 
and 33 n,s. Unknown resistance X is now ^ of the resistance m 
R) i. e., X lies somewhere between 3'7 fls aod 3‘8 f^s ( Don't say 
that X Is equal to (be mean of 3-7 nnd 3-3 Si*)- Record these obse^ 
vatlons In the table. 

5. Pint insert lOO As plug in P and then tale out 1000 As 
plugout of it, keeping Q-IO As as before so that (he ratio Q.P 
becomeslOilOOO. Now null point will be expectedfor obtious 
reasons, for some resistance lying between ten times the values of 
R obtained in step 4. i. e., between 370 and S'*© A*- 

6. At this stage the bridge usually becomes insensiiiie. Due 
to high resistance in the circuit, the current becomes very weak 
and so it does not produce any deteaable deneciion in the galva- 
nometer. Tlierefore not down the range of all such resistances in 
RforwMch defleeiioni remains KK*. You MUST find two retis- 
tancts, one on either lidcof this eowge. for which the galvanometer 
fUST gives deflectionf tn opgwvsiie directions. Then ihecotrect 
value of R it the mean of these values of R, which cause opposite 
deflections. This mean value of R divided by ICO gives (he value 
of the unknowrv resistance X. 

7. Meaiure the cffenive length L of the wirt.(L e.. by eido- 
ding the portion of the wire mt-ier the vcrcas} Meature (be d.a- 
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:tef of the v/ifc at tix different points all along the length ef 
c wire and at every point in perpcndicolar directions. Find the 
:an diameter and hence the radius of the wire. 

h. Calcutate the specific resistance^ , by using the fotrouia 
V ’ft*. 

T 

bserralloRs 


; 1 


Resistance 

, 1 Ratio arms 

finRbeoscai 
t arm 


1 

1 

> (ohms) 

1 (ohms) 

1 (ohm) 

1. 10 

j 10 

3 

!. 10 

1 10 

1 

3 

4 

1. 100 

10 

31 

38 

. 1000 

10 1 

374 

J75 to 377 

ie 

378 


(Defleciion 

is 

tou-ards 


Inference 


Right 

Left 

Right 

Uft 



) connectioBS are 
J cprrect. 

■^SoXliessomewh* 
between 3 and 4. 

1v R -i?ss— Jl 

jX-K. JQQ jQ 
“^reforeXlies swn< 
where between 3' 
and 3.8 

374 + 37(1^37 
2 


.-. X-3.76 ohms. 


So onknowD resirlaoec X-3-76 ohms 
{The values obtained ia your experiment will nnmrjilJy be 
different from lli»o "“'■''‘I 

r /»(■ ihe resistance wire— L— ....cm. 
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' Main i 
; Scale ' 

1 readmit *' 
[ ICB») 

Circular tcale 

leading Tout reading 

in 1 1 

D)v>> in emt ' 

(ion 1 

'[ 

} (a) In one direction^ 

1 (B) io J. direction ’ 

' 1 
i 

2 


i 

1 

( 

6 


' 1 
1 

1 

' 1 

^ ! 


Meifl diimeicf • 

Cmectfd diimnef - O •• cm 

tkdtut * ^ ^ 

OlfiltiUn 

X.,tt 

“L 


RmK 

.. m 
rttuli r*** ~....c'^sna 
% if* mor 
rmnitWi* 

\. AM iko^VS V* *1*4 XtSiSt 

««*t tvj it* mM r*rrT to Kilt tltrs 

«W«. 


1 . Vk-tw ■ flcf itiiVrs (Ml. tkt r'l^p *» r.tkf* nii* cf K iri 
l.vx. MiJe tfci-fs »5|*l \y Rr.'K*! l'” 

t^rry itSM vin • p!»f E»--> *irt kif-ewt tit ft’wp 






rKACTICAL 


. l.<A=-r^! .rl l>f. f»t If' 
« tv i Lef^trciP csT- 


« , ,v. ,-v.-.-rKter k«y. « 


*vrt4r<rtM*fy?. TftpnffSJ* t!5 Mfrent^rs” 

Itf »» pre<YpJ first* i6m « *,'v?vsto 

♦-Y Ifsr fl/viin iml crBSPqvfutl/ is<Ju*J torrcn ,i.,nlvs- 
<rt t^#.^au^^ ThftlflJoccrfcJfTMfnur C-cv 

••.••Mj|#f an.l cflUiB (ifnecfton in ft even •rfitnlfccbn<J|s« 

Ihm *«'U are lapljf to mUnhencfuaJ 

3, liefore testing the cottectnesf of tie 
forget to tale out JO ohms plugs from each of the aros * ^ 
because othenvjje you won't get deneclion at allint^*t*'^ 
meter. 


6. Rcrnember that Q is Jtept fiaed at 10 Si and only 
value ofp is changed from JP to 100 and then to JOOO p*'®^ 
While changing the value of T, see that only one plug is ooli *' 
A lime. 


7. When PjQIs 10; Jft Stan with I, g, ^...«c. Som^ 
times when the uiiknonn rr^lstanco X h less than one. i. e., it list 
bem-een Otind I, jv«i will get s'w? sMest defiei-tJon if you try R-ft 
J, 3.„lipnftr\ls andifyvtt iMiw'l iiSNud the ilefJeciJonforRaO. 
In this I'fl'e !':<.> as KVttlO. the null pt'Int tv/li be 

bVlSMed f.'r some MSfttatuv K lying K'tweeu 0 and 10 (OxiO-O. 
«5*d lNii'-I0>. 

?. 1h< ^al»es of K iwhled fororposlte deflections MUST 
W M hen P : Q Is 10 : 10 or 100 to. 

^ Kemomber that the unlnonn resistance .V is obtained 
thelMisI »e(. The first iws> sets, i. e., when P:Qis 
UVl gISTs sti an ’ — '■ "•• 
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3. In uhae respect the metre bridge method and post office 
box method, for the measiimnest of resisiaoces arc (tislmdar 
f ii ) different ? 

Ads : { ii ) fn Post ofHce box, ratio arms are kept fixed and 
resistance in third aim R u adjitsted to get the nuU point. In 
Metre bridge, the ratio arms are themselves adjusted to get the 
null point. 

4. V> hen » the bridge most sensitive 7 What are conjugate 
arms 7 Explain. 

3. Why in the last set, the bridge becomes so insensitive 7 

6. Can't you keep P fixed at )0 ohms and change Q to 100 
or 1000 fl. 

7. Is this the best method for determining the resistance 
To which place of dtdmal. the post office tox van determine the 
unknown resistance t 

Modifications 

1. L’sing Pest Office Dox, stslfy tht Unset teslstancnin 
actlcaaed ia paratUlv 

2. Study the ttclaUoa ofmlstaoce of a alre of agheaaate- 
rial and glreg dimeter, with length. 

3. Study the vatUdon «t resHUnee wlthdUmetec, hy taking 
< «lm of (he lame milecUl tad the lane length. 

4. Detcmiae the resistance per cos length «f the gUes nltt. 

5. Detmnloe the length of the glrtn wire reqalred to coastrect 
a eat ohm cell. Ter the huts and soUtieas, cnnsalt tfaeinedlflca. 
liens e« Metre hridge exptrlstnt, already dlKisstd. 
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X>OTENTJOMETK 


rotenliomttef mcaot the arrangeaent which measures 
roienib) difference. 

roleniiometCT is an Weal voltmeter. To cause deflection 
a sollnieter, carteoi must pats through it. So when a voltstetet 
connected across mo poiots to measure the potential dlfferen 
bctR’cea thcCT, it draws same current, /fence the main earn. 
between the two points deerrnses and cossetiDeRt]/ the potesti: 
difference between the two points to be measured, also decrease 
/fence theoretical)/ speahin;, » veUmetet sever mis iheaaus 
potentiai difference or the aaual e. m. r. of a cell. Pocentiometei 
fs an arraogement io which so deflection is to be read, it it t 
NULL method and hence preferable, it measttres the aettui 
potential difference between two points aod the actual e, m. f. of 
a cell. 

EXPEJlJWrNTJTl 


Object—Compare the ejn.rs. of two cells nslos polentlometer. 
Also find the mlofinom $ad tbe mexlmoa poteathl grsdlevtsjva 
bare nsed In yoor eiperlment. 

Apparatas— Potentiometer, Lead accumulator, Rheostaie, 



pjugbc/, two way ley, 
salvanoineter, •-ihe -two 
cells say LeeJanebe cell 
and Daniel cell whose 
c. m. fs. are to be com* 


pared, conoeefiog wires 
and jockey. 


Rg. 17-1 

PK=Plug hey, LAsstead Aceumajator, RbsRbeostat, 
LC^LecIaache cell; OC«>Oaniei cell. Osgalvanometer. Jss 
.Jockey. TK=Two way key; ABs=Potentiome(er wire 1000 cm 
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long. It actually consists of ten wires 
length each. D and D' are the nuU 
points obtained, alter taVing 
Leclanche cell and Daniel cell into 
the circuit respectively. 

Theory and Forraola— Lead 
accumulator sends a constant 
current C (say) through the potcn* 
tiometei wiie A B, whose resistance 
per cm length of the wire ispi^aod 
I2 are the balancing lengths obtai* 
ned with Leclanche cell and Daniel 
cell taken into the circuit respec' 
lively. Then if Ei and Ej are the 
Daniel cell, we have 


jmned in series and of 100 cm 



Fig. 17-2 

e.m. r*. of Leclanche cell and 


EraPoienllal difference between A and D-C Ij P 
EfsPotential difference between A and D’sC Ij P 


so 


Ej^ Cl,/-. B| >, 

E2 = ci,/>’*-E;®ir 


... tU 


I. e., e. m. fs. of the two cells are directly proportional to their 
balancing lengths provided constant current is passed through the 
potentiometer wire. 


Potential gradient ^ is the potential difference per unit length 
of the potentiometer wire 


... ( 2 ) 


Since e.m.f. of Daniel cell is taken ai a standard e.m.f.xI'OS 
volts, so 


Minimum potential 
gradient u<ed 


E. m. f. of Daniel cell 
hlax.^alue of 1. buf ofTll 


sets of observations 


Maximum potential 
gradient used 


E. tn. r. of Daniel cell 
"Kiln, Mlue'of l» out of all 
sets of observations 


- Units of potential gradient are soils per cm. 



Procedure — I, Make the conoecCions as shown in the fi? 
17 I i.e., first join in series the plug key, the lead accumuiator s 
the rheostat between the ends A and B of the potentiometer » 
so that a current begins to flow through A B. Nest connect t 
positive electrodes of both the given cells at the same end 
where positive pole of the lead accumulator has already hei-u 
connected. The negative electrodes of the two given cells are joined 
to the end terminaJs of the two way key whose centra! lerminaf i» 
connected to one terminal of the galvanometer. The other terminsf 
of the galvanometer is connected to the jockey J sliding owr tbs 
potentiometer wire. 

2. Testing the connections — Start the current in wire A 6 by 
inserting a plug in the plug key. Next being Leclanche cell {i- *• 
cell of higher e.m.f.) into the circuit by inserting the plug 1 in lb* 
two way key. Place the jockey J on the first wire and then on ibe 
last wire, if galvanometer gives deflections in opposite direcliofs 
in these two cases, it means the connections are correv't. Iflhf 
deflection remains one sided, check up the connections and seelbst 
the positive pole of the lead accumulator, and positive electrod* 
of Leclanche cell end Daniel cell are all connected to the coranion 
point A. If the connections are correct and still one tided deflec’ 
tiori is obtained on (he first wire and on the last wire, it means ibe 
potential difference between A aad B Is Jess than the c.m. f. Ej of 
the cell, so to increase the potential difference between A eod 
increase the current C flowlog in the potentiometer wire A B.' 

( i ) bydevTcasing the resistance ia the primary twvil 
with the help of rheostat 

or{iil by inserting another lead accumulator inierie* wHh 
the first in the primary circuit. 

Again check and see that deflections in opposite di/ectloni 
are obtained on the first wire and on (he last wire. 

3. After leiiing the connections and after the nci'fiiary 
adjuttmcol, explained in step 2. search for the mil point and 
preferably get the null point on the last wire, by adjusting the 
retina with the he/p of rhec«(at, if aeceitary. This f» done lo, 
Iccause greater the taiancing lengib ofetained, imal/er will l« Ih* 
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pccc^ntage error. Nole tKe balasdng len^h. i. e.. measure (he 
distance of null point D from end A of the wire, 

Kote~Dis!ances 0 / null points are to be measured always from 
the end A.i.e., where posiftee pole of the battery and 
positive electrodes of the cells are all connected. Note 
these distances very carefully. The students uii/afly rearf 
970 as 930 end 660 as 640 (See the figure I7‘2). 

4. Next lake out plug I and insert plug 2 in the two way key 
so that the other cell (Daniel cell) comet into the circuit. Without 
disturbing the rheostat (otherwise current C will change), balance 
the e.m.f. Bjof this ceil against length Ijof the potentiometer wire. 


These values of li, Ij constitute one set 


of observationt. Calculate 


El 


S7 


S Next change v. the potential gradient by adjusting the 
rheostat and take another set ofijandl}. In all, 12 to 15 sets 
may be taken. 


Note: ‘In a particular set, while determining li and If, the 
rheostat should not be disturbed. 


I and then take the 


neiD. 


Obserratloosand calculKloDs 



Mejn 

•3 


P^hf a raiioof No Jitnilar qojstiiitJ 

I'* hi« fnt no unilj. , . . ‘ 

M 

talu? rf R.iUncinf leo^tJi used for Daniel cell 

Minitnum „ « uted for Danisl^** 

-432 «c«- 

and e. m. f of Daniel cell- 1.08 volisV''"^- 
So Minimum poleniia) fradient used volis'cm- 

Maximum „ ,, „ volUjC™* 

4j2.K 

PrecBnllant 

1. The posiitve electrodes of the two cells and the poshi** 
pole of (he Lead accumulator. all the three must be connected** 
one point A 

2. Choose the lead accumulator of large capadlj' (In 
hours) so that current through (he potentiometer wire remai** 
steady throughout the experiment. 

3. The galvanometer should be shunted to begin with 
when the null point Is reached, the shunt shoold be removed. 

4. As soon as the null point is determined, open the plug key 
PK, so that the poienliometer wire does not get unnecessarily 
beated up- 

5. The potential difference between the ends A and B of Ih® 
wire most be greater than Ih 

laken individually otherwis 
deflection will remain one i 
first check up the conneci 

increase ll"™""' 

6 BtHefB'' 

„,| in 


POTEKTIOMETER « ' 


1S3 


7. First balance the cell of Mghef c. la. f. (Leclanche cell). If 
you balance the cell of lower e.m.f. (Daniel cell) first and get the 
balancing lengil\-950cin (say), then with Leclanche cell in the 
circuit, the balancing length required will be more than 1000 cm, 
which is not available. 

8. Do not disturb the position of the slider on the rheostat 
i. e., do not change the current through the wire for one set of li 
and I2. 

9. Starting with balancing length more than 900 cm for the 
Leclanche cell control the experiment in such a way that balancing 
length for Leclanche cell in the succeeding sets is obtained in the 
decreasing order at a spacing of about I$to20 cm. Forlhis,you 
will have to slide the slider on the rheosiai only in ONE 
direction. 

10. Distance of the null point MUST always be measured 
from the point A where all +ive terminals have been connected. 
If the null poioi is obtained on an odd number of wire (3, 5, 7. 9), 
the reading of the jockey on the scale should be added as such to 
the full metre lengths (1, 4, 6. and It respectively) of witt from A. 
If null point occurs on an even number of wire (2, 4, 6, S. 10), the 
reading of the jockey on the scale should be first subtracted from 
100 and then difference added to the full metre lengths (1, 3, 5, 7,9 
respectively) of wire from A. 

Soorres of erne can be due in — 

1. Non uniform radius of the potentiometer » ire. 

2- End resistances. 

3. Any variation in the c,ra.r. of the lead accumulator which 
is lending current through the wire. 

Oral Qeevtiens 

1. Why potentiometer is socallcd? Define potentUI gra- 
dient, ViTial are its units ? 

2. Doth the potestionieier and the voltmeter are used to 
measure the potential difference between l»o points; which iestru- 
meat is beuer and why 2 Laptain ihe peinclple r1 the pcicnii* 
meter. 
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J. Why polfnliomcjer If niicd as We»l reliiT:«fer J Will 
you chcowji toljmsfer ff hffher mhfaneeor lower re^Iitssce ? 
Oire reiionf for your nniwer. 

4 . Why U it ncceJMfy to conrjec! all the pcfifivc termifli!**^ 
cnc point 7 Can't the eapen'ment he performed hy connectinjaD 
the negative terminals at one point. 

5. Why the e.m.f. of lead accumulator should be greater ihaa 
the ind.vjduni c.m.fs. of the luo cells 7 Why the cell of high" 
e m.f. should be balanced first ^ 

C, If the jockey J is touched at a point to the left or to th- 
right of the actual null point, the galvanomcier gives deflectioa. 
Trace the direction of current through the galvanometer ineac 
such case. 

7. Why rheostat is not disturbed while taking one set oflj 
and It. 

8. Why the potentiometer consists of so many wires, I. e-» 
ten wires? Are these joined in scries or in parallels. 

9. What will you do, if for the same cell, you want to 

( i } increase the balancing length. 

(ii ) decrease the balancing length ? 

10, What are the uses of poleniiomeier 7 


Modification 


EXPERIMENT 17*2 


■ Obiect-Determlne rhee.m.f.ofLecJanche cell after standardls- 

for 1 ^;= 
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Theory 


(a) If a Leclanche cell of e.in.f. and Daniel cell of e.in.f. 
E2=1'08 volts (given) are balanced against lengths li and I2 respec- 
tively of the potentiometer wire carryiag a constant current, 

Es I2 

i.e.. E,=^Xli ...(1) 

-i-j— =^, the potential gradient obiabed along the 

wire 

SoE,s.~lj, ...(2) 

v^here !( Is measured in ctns, •- in s'olti cm and therefore 
Ejis given in volts. 


(b) Ho'v to set up a potential gradient of 2 mill] volis'cm ? 

la 

i.e.. 2xl0"’ai4^ 


So current flowing through the potentiometer w ire should be 
10 adjusted that the Daniel cell is balanced against length S 40 cm 
of the poteniiomeCer wire. 
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OlrinfmoM tin4 CilfBliflflii, 



[ flafancing 

1 IcnMh for 

n.ifanctflii 
' length for i 

I Potential gradi* 

1 enc obtained' i 


y. i 

Lechnche 

Dsakl cell 

£| I-OS 

Lecianche 

1 

cell l| in 

1] (in ems) 




.Ve!fJ/cm ^ 



Mean e.m.f. of Lecianche cell » volts 


Tasecupa potential gradiant of 2 miltivolts/em. place t 
jockey at a distance or 540 cm («s calculated above in theory) frt 
the end A of the wire and adjust the position of the slider on I 
rheostat so that galvanometer reads zero deflectjon. After ih 
setting is made, do not disturb the rheostat and find the balancu 
length for Lecianche cell. See that this balancing /engrA mw/l 
plied by 2X10'' gives a result equal to the mean value of e.m.f* c 
Lecianche cell already determined. 


EXPERfAlElVT 17.3 

potentlomerer, determine ibeinteroal resls- 
ol • "" <’■' ""<• 

Apparatns accumurator. a rhroilat, (wo one way plug 

Ledauehe cell, con.eedng wire.. 
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Theory and (onnula 

Let C be the constant current flowing through the potentio- 
meter wire whose resistance per cm leo^h is p. When key Kj is 
open i. e., cell hnot shunted, its e.m^. E is balanced against length 
li of the potentiometer wire, so that 

E=CUP -U) 

Next key Kj is closed and a plug of R ohms taken out from 
the R. Box. It means the cell is shunted with resistance R and a 



Fig 17.S 

current i begins to flow through R and the cell. Consequently the 
p. d. between the electrodes of the cell falls from E to V, This 
p.d. -^y, is balanced against length 1^ of the potentiometer wire. 




Also E-i(R+r) 
and V-tR 
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■y tmra (}) 


f.e., 


EES 


Knowing R, Ij and J,, the value of r can be caIcnUted. Ii ** 
the balancing length when cell is not shouted with any resistance 
and 1] is the balaudag length when the cell is shunted with resis- 
tance R ohms from the resisiaoce boi. 

Frocedare 

]. Make the connectioos as shown in the figure 17'3. 

2. Close plug key Kj so that the lead accumulator starts 
sending current through the potentiometer wire (keep KsOpen). 
Test the connections by pressing the jockey on the fint wire and 
on the last wire. Deflections obtained in opposite directions in 
these two cases yvould mean the connectioDS are correct. If defies 
tioQ remains one sided, check the connections and if the connections 
are also correct, then increase current through the poteatiometer 
wire by adjusting the rheostat so that galvanometer gives defleo 
tions in opposite directions on the first and on the last wire. 

3. After testing the cosaections as above, place the jockey . 
on the last wire, preferably near the other ends of the wire and 
adjust the position cfthesl/der on the rbeosiai so that gahano- 
meter gives zero deflection. Measure the distance of the null 
point from the toil A. of the oi"- li. oomtpooiiiiis to 

e in.f.Eoftheccll. 

Tie ohote aJjiumi"' /»' o/A " 

Ante* — .e.-.i/- hremnt thtn tufnelent lenglh of 


the 


'X' »./«' /.-fW-ff/Aoeer rof.ee 
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of /j, to be obiaii>ed sulnequenily f/j is to be less than li 
always provided constant current is passed through the 
wire.) 

4. Next close plug key K* also, and take out a plug of resis- 
tance R ohms—5il (say) from the resistance box. so that a current 
begins to flow through R and the cell and therefore p.d. between 
the electrodes falls from E to V. Balancing length Ij correspond- 
ing to V is obtained and measured. 

5. Knowing R, 1| and 1*. value of r, the internal resistance of 
the cell can be determined using the formula 

6. For obtaining different sets, thuai the cell with differeot 
resistances (R nay be changed in steps of one or two ohms). Find 
balaneiog length Ij evetyiiree and thus calculate t separately for 
every set. Its value will be different for different sets. 

Were:— Ftf/ue of /j should be cheeked everytlme when /* Is 
measured, although if expected to be constant If 
rheostat It not disturbed. 

Ohserralloas and Catcoleilons 


•z 

Resistance 
□ R. Box. 
Rfohms) 

Balanciag 1 
length when I 
cell is NOT 
shunted wiibRj 
Uinenx | 

Baiaodog 
length when j 
cell IS shun- 1 
led with R { 

I,-li 

r-R. -J- 

1. 

2. 

3. 

4 . 

5. 

6. 

Ohtu j 

1 1 

cm 

1 

cm ■ 

1 

cm 

Ohm 


Mean value of r*'......ohins 

But «e see that value of r, the internal resistance of theevU 



rj^ACTfCALPHY^tC 

i* NOT » cptiijjnnf quittiily. U iDCfntts wUh tht curfjal 

ffrtJi !he etU. 

Arfdlllonal rrccaatloBs 

' oE-V 

1 . Djfically Iheformolj for fnlemsl rMfifaoce is r-R-y'. 
Ifcre n i« ctmijanr, so for taking different set* V Bust be 
byc/isngfngfhc s-afneofR. fn other woTdt,difCereat rsbesci 
I| should he obtained hy shunting the cell with different resistaocts. 
Of course, I 3 could be changed by changing the current throus^* 
potentiometer wire also but that would NOT be preferable, beca®* 
that would not amount to changing the value of V. 

Z First balance the ceff without shunting it and then balafl'* 
the same cell after shunting it with resistance R. If shunted « 
is balanced first, then on balaodng the cell on open dreuft, tie 
required balancing length may not possibly be available. 

3. In DO case, disturb the rheostat for one set of It and I|» R 
would be advisable NOT ro disturb it for otbtr sets also because to 
other sets, I 3 can be varied by using different values of R. 

Oral QnrstloDs 

1. What do you mean by the internal resistance of a cell ? 

Ans — It is (he resistance offered by the eiectrolyte to the flow 
of current inside the cell. 

2. Upon what factors docs the internal resistance depend 7 

3. Wbat ia the physical effect of iateroa) resistance of a 
cell ? Shuold the iniemat resistance of a cell be high or low ? 

4. Why is the internal resistance of a lead accumulator $0 
low as *01 ohms, where as the internal resistance of a LecJanche 
cell is 4 to 5 ohms 7 

5 Can this method be used fn case of a ce/i having a very 
low internal re/istancc 7 

6 Can or should h be kept constant in all the observations 7 

7 What is tit® di/ferenee between e. m. f. and potential 
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8. Will the internal resistance of a cell increase or decrease 

if— 

(i) The distance between the electrodes is increased ? 

(ii) More electrolyte is added 7 

(iii) The electrods ate raised vertically upwards so that their 
length dipping in the electrolyte decreases 7 

(iv) More current is drawn from (he cell ? 

(v ) The temperature of the electrolyte is increased 7 

EXPERIMENT 17-J 
Usieg poteatiometer— 

{ 1 ) Compare to glreo reststaaces. 

(U ) Detetmlne a glrca tow leststaace. 

Hint t Consult a book on tbeoiy or consult your teacher ia« 
ehatge and tty to do the expetinent, independently. 

EXPERIMENT ll-S 

Object— Conpare thee. m. f’e. of (wo cells bysomaod dlffe* 
rence method asios potentiometer. 

Hlot— Let Ex and Ej be the e.m.fs. of the two given cells, Ex 
being higher than E2. 

If the negative pole of the cell of e. is. f. Ex is joined to the 
positive pole of the cell e. m. f. Ej, the e. m. f. of the combination 
is equai.to their suss E| and £«. Let the c.m.f, of this combination 
balanced against length lx«fthe poteatiometet wire, through 
which constant current C is flowiog- 

TheaEx+E,-Cli/> ...(1) 

If the negative pole of the cell of e. m. f. Ex is Joined to the 
oegstive pole of the cell of e.mS. E*. the ejn.f. of the combination 
is equal to their difference £x~^* ^he e.n.f. of this combina* 
lion be balanced against length Ijof the wire. 

Then Ej— Et-Cl*/* ...(2) 

E,4-E, lx 

Dividing 
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ELECTiROLYSlS AND 
VOLTAMETER 


The process of deoomposition of a liquid or a solution into 
ions, on passing electric current through It, is called electrolysis. 
The liquid or solution is called the electrolyte end the plates placed 
in the electrolyte ate called ekcttodee. The plates eonseeied to 
the positive and the negative pole ^ the battery are called the 
anode and the cathode respectively. The vessel cooiaieing the 
electiolytepikd electrodes is knosvoas voltameter. 

(Note :—The dl//erenct betnetn v^taneier and velrmrfer.^ 

As a natter of fact, the ions are already present in the 
solution itself. The passage of electric current simply helps the 
tons to move to opposite electrodes. 

The voltameter can be used for the following purposes. 

(1) Preparing gramophone record* and priotiog blocks. 

(2] Polishing metals. 

<3) Comparing the equivalent weights. 

(4) Determining Avogadro’t Number. 

A copper volumeter consists of a glass vessel cootaioing 
CuSOi solution and three copper plates dipping into (he solution. 
The (WO outer plates are placed parallel, a suitable distance apart 
and joined together by metatlic strips to a oommos (envtlnaU These 
are connected to the positive pole of the battery asd hence consci' 
tutethe anode. The cathode is constituted by the third copper 
plateplseed parallelto and betweett the twoouier plates, having 
Us own binding terminal, which is connected to negative pole of 
the battery, (directly or indirectly through other apparitasei). 
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cxMRfVLvr r<i/ 
••‘"Scoppfrtolijmfjfr. 

S^ttanomrfrr t«« correnf mtnurisj*”® 
rf,* A copper irortamcfer, • lead accumulator. 

ecjlaj. * fanpeni ialvaoom-ier havfng cofla cf differcflt 
^ * 'r*”^”*‘'/.*Phy»icalbaJaBceardawei«Iifl« 
conf.f f"* "'®'SftWo/'*aper/or quality. A/argofcw^' 

n op water, as air b/ower, coonecfiop wires, sand papor ttc. 

Theory aod Fonaola 

„r 1™^^"''''”'.'° fin> l"» or cleatol,,!,. the 

or ioni dtposiled on (he ealhoje i. 

(ij diteelly proponten,! lo Uie current c parsed IIWS 
the electrolyte, 

(ii) the tlroe t for which the current is passed. 

So m«c 

and m ce t 
he. m oc c I 

or m-Zet, where 2, the coastaal of 

proportionality Is known as the electro chemical equivalent of the 
metal used as anode. 

So Z-2- 

ct -{1/ 

ct-q, the charge for which the unit is coulomb. 

Hence ■ units of Z will be gms per coulomb. 

The magnetic field F acting on the magnetic needle pivoted 
at the centre of a coil, due to current c amperes flowing in the 
• • . . _ Sirnc 

coil IS »•“ 

If the tangent galvanometer is eel in the magnetic merfdisn 
and the magnetic needle males ^0 with the neld H. due to earth, 

riirrent through it, then • . . . • 
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Substiiutiog the value of c from e(]u (2) in equ (I). 


m.maM (in gmi) of copper deposited on the cathode plate, 
t— the (in tecs) time for which the current is passed, 

Qxthe ouiaber of turrts of the coll in taofieot galvanometer 

used. 

roradius (in cat) of the coil of the tangent galvanometer. 

H -the horizoala] eooponeot of Earth’s field, at the place of 
esperitnest, (reeatured in Oenteds) 
l-the mesa deHection of the magnetic needle pivoted at the 
centre of the tangent galvanometer coil 

.fc ihll'll j «K RCVERSlNS KEY 


VOLTAKETtR 
U ChTHOOC 


I. Male the cosscetioes as shown ia the flrure It-I. 
that foa hire cosascteJ the taegtst gslmnoaetet fcctwtea 
inBlaaU of the mcftieg Vtraad NOT Let we e a 


?>!? 
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Jf6 


tsrminali. fctdte of lhn« connection* tsid* 
thf ntighf'mrirtc fe//? icrjf*, tA< twrenf Ibrovih lbs tsc; 
f-il»»nctnelef will NOT get retenej when subjequcoify i 
df*i(e<| to do $n. Between the other pair of opposite lenninil 
theieveriing key, an electrical circuit It developed ihroojh 

voliameier fl» ihown in the fi|ufe 18*1. - - 

2. See that the rheostat and the tao^ni falvanonxter 
ni'i placed close to each other, because in that ease nvtsneticfi 
due to current flowing through the rheostat will affect the dsf! 
lion of the tangent galvn&ometer. There should be ooraagtie 
substance placed near the tangent galvanometer. To keep l 
galvanometer and the rheostat far removed from each ether, t 
long one piece connecting wire. Do not join two wire* in air. 

3. Remove the cathode plate from the voltameter and rub 
on both sides with sand paper to remove any spots present on 
Wash It with water, dry it and then sscigh it in an aecurs 
bataos.'e, keep this weighed plate in mme to be used subsequent! 
in 'the actual experiment. For testing the connectioss and adjt-s 
log the current, a rough plate (dummy plate) is used ascaibod i 
place of this weighed plate. 

4, Preparing the electrolyte — Dissolve 30 gms of coppe 
sulphate crystals in dOO CCS of distilled water (isa$s<«£00gm). S( 
specific gravity of the solutioo*« ^—1*05. Make the solution 
slightly acidic to make it conducting. 


Calculate the area on both sides of the csihode plate dipping 
into the electrolyte. (NOT the total area but only the area inside 
the solution). To get a smooth and firm deposit, the current 
required is one ampere for 100 sq. cm area, of the cathode plate 
calculated above, provided the solution of specific gravity- 1-OJ. 
as prepared above is used. 

5 Setllog tke langcol gtlvaoemeter — Make the compass box 
ribe 'iaflcent galvanometer borirontal with the help of a spirit 
, 1 looking 

level, y .. jfaiifi to the magnetic needle pivoted at the 

srofrsi. 

reed 0— 4X 
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Next close key K and then insert opposite plugs 1 and 2 in 
the revening key. Read both ibe ends of the pointer. Then take 
out plugs 1 and 2 and insert these in positions of 3 and 4 so that the 
current through the galvanometer coil gets reversed. Again read 
both the ends of the pointer. These readings should be the same 
as those recorded before reversing the enrrent. and if the readings 
differ, they should differ slightly to I® or 2®. If the difference is 
more, it means the coil has not been set properly in the magnetic 
metidiaa. So adjust its position and che<^ that the difleciion 
remains numerically the same before and after reversing the current. 
This is ONLY TEST of tniatiiig that the gaWanometet coil hat 
been set in the magnetic meridian. 

6 . DetermlBleg Ibe radios of the coil — Pass a thread around 
the coil a number of limes, say six limes completely. Find its length 
and divide it by 6 . This is Ibe mean circumference 2n r, from 
which r, can be calculated. 

7. Choosing the proper namber of tons of the coll and 

adjosttog the current— Adjust Ibe current with the help of rheostat 
to that with a 5 turn coil used, the deflection is io the vicinity of 
45® (because for a deflection of 45®. the sensitivity is maximum.) 
Subsiltutlog these values of n aod deflection 9 , in the formula 
C — 10 tough ly. Calculate the current C and see that it 

is approximately the same as desired in step 4. 

Xotf.'—jl proper co-ordination of n and Q to here the desired 
yalue of C is essential, Somellnes when a large number 
of turns is used, resulting in a large dejiectlort, the 
current C Is so small that a detectable deposit Is not 
obtained. 

Sometimes when 0 small number of turns Is used, 
then even for a small deflection, the current will he to 
large that the large deposit obtained will not be firm, 
t. Tesllog the coanectloB^-Allow the current to flow for 
about five minutes with the dunsmy plate used as cathode. If after 
five minutes, on stopping current and taking out the plate, a 
deposit is observed on it, it raeaos the oonnections ate correct. 
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by mistake, Ike students connect tit con 
f \ Peettlee pole of the battery end tiled, 
p ates to the relative pole. They dllcoretti tk 
ha, dtf the experiment, that no dtp 

to,, "" "‘'"‘'tod on the central plate, riest ex 
Instead of havlni taereased. hat decreased. Wtitt 
because deposit has been obtained on the outer, Im 
due to the movement of tons from the central plat, . 

currem ^nd"e’ZTlhe'’Ji‘°‘°°‘ “ 

weighed eheedy s'"f tP ><.= eypertec.al P® 

ousJy Read»hi.g..) _ <iop wafeb subuIisjC' 

change k«n f If ,he daf/e«ion .«dl «> 

- -eo-.. .«• 

ninule! nattoa HVl P»mnr for aiorher If 

Ilop lie ourreoV*''''""!!”' '""I offOlotaBln. 
to°oI beakir eo “'"“O' »'="• Pbif ta».di.lelp<Hpl' 

Dry Iba plate tn the aao or by blowiaj co it ho. air free, an a,r 

dlp^hed IT ““ “ff" 

I) TbeyalaeorJI for , I, a, p,. or. nbete the eaper.atea, be. 

been performed, can bccanjuJicd from toWw. Calculate Z uiioi 

the fonnula giren above. 

Observatlooi 


1. MasJ of the cathode plate before paisiog cHrreat«mi...fn> 

2. M •» f* .. after depotitioa of copper«>a>j...rni 

3 . Mean circumference of the co:!. 2 v r - ini 


tatiiu* of the cotJ r « cm 

4 . The value cfHanhe plate ffiveol a...e*rifrd» 

5. TbepuffibetcftarBicftkecollMeda 


electrolysis and voltameter 


For deflection of the tangent galvanometer 




Direction of 

Deflection 1 Deflection 

z 

current is 

current through 

at one end at the otuer 

« 

1 passed 1 

T. G. 

1 1 

1 

IS minutes 

One direction | 


2 

IS minutes 

opposite directioOj 

1 


Mean deflection d*- — 

Total time for which current has been passed^tszJO miautes 
s^lSOO seconds 


CakaUtleos 

^ Afass or copper deposited— ioy—iD)S0—.M gas 

' r ® 

i fSrH'tao© 

M ^gns/couloah 

Standard result of 

Z~ -OCIOIW tms per coulomb (Fat copherj 
. tVage errof= 

Preeaatlooa 

1. Before starting the experiment, ebech the Setting of the 

tangent galvanometer by passing current through it in ^e direction 
and then in the opposite directioa. The readings of the ends of 
The pointer should be the sane Dumerically in both the cates and 
should not differ by more than 2*, la that case reset the galva* 
aomeier and techecfc. .. . . 

2. Read the ends of the pointer very carefully. >.'ote that 

one division on the drcular scaIe»l*aBd NOTO-1*. Scaettoee 
.when the correct reading Is <7* (say), the students wrongly read h 
as 53* or as *3.7*. Avoid suds latstalea. . 





nAatcALi 


• pl«« iSonM t5 robtri 

m-ttr *'^1.'* ** rtiTpcK of setting Ih' 

•Iff. •djolimt the cvmni ,„j 

Ibtir i Ji! r'*"’ " ■'» I'" ttfotlt hr o 

renir.l orT^i'™'"*' pole of lie lam 

’" ' ‘fl’" eoooacM lo ifca oa, alive («l. 

Z”u e "" 

con «I ^ * ilepojtl occurs, on lie caihod plate, it m 
conuetteni ife correct. 

3. The number of rurni of the coll uieJ rhoufd be nei 
Bor too larue. A 5-iuroj cell will bejt rerve the purpo 

6. Therheojjai ihouW befjrremoved from the | 
meler. oiherwiscon pauing current, the rheostat wiJlfct 
soferoid and affect the denection of the galvanometer if l 
are placed near to each other. 

7. Currer-tihould be kept constant throughout fie 
Beat wilb the help of rheostat. 

8. At the end of the eaperiaent, the cathode plat 
which deposit has been made, should be placed under ri 
water so that traces of CuSO^ scluiioo present on the pla 
removed. 

9. The electrolyte should be made slightly acidic to ma 

conduct ing. 


Oral Qamlons 

1. What is a volianieter ? Is it dirfercot from voltmet 

2. What is electrolysis 7 State Faraday's law of eteci 

2 Define electro chemical equivalent. What is chemi 
rquivalent ? 

4 How current flow* through the electrolyte ? 
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6 . What precautioas wilt you take to get a good deposit 7 
Why is it necessary to clean the cathode plate before starting the 
experiment 7 

7. Could not the current be measured by an atnmei:r 7 Why 
the tangent galvanometer is used 7 

8. Why the current it reversed 7 Does the current get 
reversed through the voltameter also. 

9. Could A. C. be used ta this experiment 7 Give reasons for 
your answer. 

10. Why two anode plates are used 7 Couldn’t the experi* 
meat be performed by using single anode and a single cathode 7 

1 1. In the formula used, m is the mass of copper deposited on 
the cathode, and m is thus found out by determining the increase 
In the mass of the cathode. Could not m be determined by fin- 
ding the decrease in mass of ibe anode. 

Modlficattoas 

EXPERIMENT S&.l 

Object— Utlog copper voUameier, deteralDB the rednctlos 
faeior of the fire tarn coil of a targrac gahaDometer. Verify the 
resnit by direct cilcnlailooi. Cieen E. C. E. of copper-0.000329 
gms per coulomb. 

Hint : The procedure of petfotming the experimeut is exiirtly 
the tame as that of Ibe experimeni 18*1. 

Z- — 

sod C=tQ R (30 9 

where K is the reduction factor of the T. G. 

10 K ran”" e.t ’ 

I lO^aoext j 

Knowing m, i and $, value of K can be determined, 2 being 
known to us. 

By direct calculations. 

- rH 



PRACTICAL 

Where r ij the radiu* of the coil, 

n is the Dumber of turas of the coil used, 
and H^the horizontal compoaent of Earth's field st li* 
place of ezperimeot. 

So knowing these quaolities, K can be directly calculsirf 
from equation (2| and then its value compared with that defer* 
mined from Equation (I). 

Result 

Experimental value of K determined from Equation 

amperet 

Value of K by direct calculations using Equation (2)=. 

ampcrt** 

^ Difference of the two valucs=. .•.••••• 

EXPERIMENT 18.3 

Object— Using copper roltameter and aa amretier, dftrnn'M 
the E. C E, of copper. Using the value of £. C E. detfrolaecl by 
yoB calcalate (he charge In coatombsreqDlred to 
« *' deposit (1) One gm of copper. 

V ' * ' (2) One ga-<quivaleot of capper. 

Orcvlt diagram ^ 
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Apptritos 

A copper voltameter with an extra test plate of copper, a 
battery, key, a rheostat, an ammeter of range 1.5 ampere and with 
a smaltleast count, a physical balance and a weight bos, sand 
paper and connecting wires etc. 

Theory and formola 


m»Z ct 



Procedure 


The experiment is performed on the tame lines as described 
in experiment No. 1S.1 the only difference is that instead of a 
tangent galvanometer, an ammeter is used for measuring the cur* 
rent and thus the current is directly known to us. Noting the time 
for which current is passed and finding the mass of copper depo* 
sited on the cathode, the value of Z can be calculated form equa< 
tiOD. (I) 

Suppose (he value of Z determined by you 
is ZmO. 0005182 gms/coulomb. It means, 
for depositing O.G005i&2 gms of copper, charge required . 

Coulomb 

So „ 1 „ .. „ 

Coulomb 

Wc know At. wt. of «>pper»»63-5 •- - --..-i 

Valency of copper— i 
So Equivalent weight— .- 


So gm equivalent of copper-31.75 gms of copper. Therefore 
•for depositing one gm equivalent of copper he:'? r*‘- - “ 

. . . ■ gms copper, the rtargc ^uired wuTomb 

— 9979Q coulombi 
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According (o first lavof t6cfinodynainicj,heaf *Dd wofksf* 
Inter convertible and work done Is always proportional to the tf** 
Lc. Wotll 

or W=J H, wherej, the constant of pfoporiioD***'^^ 
called Mechanical Equivafent of heat ' 



f- JaodJoole’a caJoriiMtef have been named after Jon}e» 
scientist. " ’ . . . . • . - 

EXPERIMENT 19J 

Objeet~Detremlae the raise of J» the mecbaolcal eqoini^^ 
of heat, Bslsg Josle's calorimeter. 

Apparatas-Joule’s calorimeter, a 6 volt battery, a rheostat 
a voltmeter of 6 volts range and an ammeter of 3 amperes rangs. 

• Q 

a thermometer of least count— C, a physical balance and a 
weight boa, stop watch, a plug key, connecting wires, t*0<^ 
paper etc. 

Theory and formnla 

Work done by carrent — P, D. between two points is defined 
the work done to cariy snit charge from one point to another. 

tfo d. between two points Is V, 

” It done to carry unit charge between those points-V 
tbeworjc „ Q » .... =QV 

work done W-QV 
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So W-VCl 

Ohm's Law gives V— CR 
So W-CR.Ci-CSRt 

So if V, C aod R »te measated in «. m. a. 

W=.VCt-C'Rt 

if V, C and R are measured in praaical units, i.e. m volts, amperes 
and ohms respectively 

W-VCvXlO'=CSRtXlO'etgs ...U) 
Hcalptoduced H— (M + tns)(9.- ...(3) 

Where M—inass of naier omiftiticd in the calorimeter, 
ra-mass of calotimeier. 

s -specific heat of (he material of the calorimeter. 
9 i-ibe initial temperature. 


9 }«t|he final tenpcraiure. 




Proeedore 


I. Remove the ebonite knobof the stirrer and weigh the 


ttltree aiong with loaU's caloo* 
meter, after properly clcsDio; the 
calorimeter. Note this mass m. 

2. Pour naier into the calori* 
teeter, sufficieat enough to immerse 
the heating coil in it. FsUing half 
of the calorimeter «oulJ serve the 
purpose. Weight the ealorinieier, 
and the stirrer along with theroit' 
tents (water) and out of this man, 
subtract m. the mass of calorimeter 
and stirrer. This wilt be M. the 
mass of water. 

3. Replace the lid of the cal<w 



nreeter and past the stirrer through F.g, (9 i 

one hole of the lid. Atsorep'ace thetn'>bof the stirrer, 
the thetmometer through the piece of m''bef which fill in 
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momefn- S^'^ios a screw type motion 10 lb« l 

buihrfint ° /^** *^* ^•eiShtofihe thermometer bulb so that 
1 , .. ° wafer and at the same lime ic does not touch 

heating coH. 


wti as shown in the figure I9-I. ’ 

1 ^require a battery of three or four lead accumulators joiDO 
Cft-s. ea (hat positive terminal of the voltmeter and cfi 
tinimecer are connected directly or indirectly through other iflS' 
nients to the positive pole of the battery. 

I7ote 7. //posltlre terminal of the ammeter Is Joined to nfi 
five pole of the battery, theneedle will be defied 
toieards the left beyond the zero dhiston of the sea 
of the ammeter. 

2. S‘omer//nrr ivAen thetolmerer DOES give the read!/ 
but the ammeter reads zero. It usually Indicates th 
the heating eotl Is broken and thus circuit It net btln 
completed so cheek the colt. 

5, Close the plug hey and adjust the rheostat so that vol 
tneter reads between 4 to d volts. Do not apply more than 6 volt 
beeaase thea electrolysis r»l set to and which is rot deslteJ. .7< 
after setting the current In this way, open the plug key. 

6, Stir water in ihe calorimeter and note its Initial tempera 
iure0|. Start curreni in the circuit bycfcilng the plug key and 
at ihe same time start the stop watch alio. 

7, Co on itirring the liquid with the iilrrer and see that the 
current remstni constant. If current tends to change, keep it 
constant by adjusting the rheostat. 

g, When ifmperatore bat risen by about 5 or fi’C, iiop ifia 
current and itmulisneously rote the time I ()n lecrndr) fitr which 
the cirreni bai been passed. Hfcwrd lha highrir temj'eratur* 
reiffted. Let it ’C, 


Af?Ijl»f 1^* rtilsiloa eorrecflen 

9 After Ih* hlj-heif teoiperatiir* hti fc«B «i 

•unfslljf- Clw®" »^'tti!*i and not* thnlsli In 
MO tft ths ane I'sstt U tor wikh the current hsd 


tchfd, If will 
itm.niftluft 
eirinsr been 
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ObscmtioBs 

1. Mass of the calorimeter and stirrer m»-...sms. 

2. Mass of the calorinieter+ stirrer +Jiqoid (watcr)«=Mi«=...gtns. 

3. So raissof water «=M=Mi~m = ...gms, 

4. Specific heat of the -matemi of the calorunetti s — ... 

5. Initial temperature of water 

6. P. D. applied, i. e., voltmeter reading V=:... volts 

7. CurtCDt passed, i. e., ammeter teadiag c— ... 

amperes. 

8. Time for which current is passed =t- ...minutes 

9. Apparent final temperature e'i*....‘’C. 

to. Fall ic tempetatute cf water recorded io the 

same time t is 

11. Corrected final temperature 

Vet VIA’ 

Besali 

J— ...ergs per calorie 

Standard result ergs per calorie 

•; error - 

PrecaotioDS 

1. The thermometer should be so adjusted that its thenno. 
meter bulb remains immersed io the liquid and at the same time, it 
does cot touch the healing cr^l. 

2. Don’t take much time in adjusting the initial potential 
difference and the current. 

3. Don’t set the potential difference to a value greater than 

6 volts because as a higher potential difference electrolysis will set 
n. So the work done by current will not be wholly utilized in 
raising the temperature of the liquid. • , ""v 
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4. Li»e a very sensitive Ihermomeler, of least count eipisl 

5. Throughout the experiment current in the circuit shool'i^ 

kept constant. If the current tends to change, keep it constant J 

adjusting the rheostat. Use lead accumulators oflarge aopef 
hour capacities so that a constant supply of current is obtaine 
a long time. 

6. Radiation correction must be applied to account '*** 

loss of heat due to radiation. For this purpose. . 

is switched off, allow the liquid toceol, (while stirring U » 
time) for the same time t, during which the current was pa 
Note the fall in femperaiure. Then 

^observed rise in temperature plus half of this fall m t P 

7. Slop the current as soon as Ihe "’ll *,n[ 

6“C. A grealer rise of temperalure is not desirable 
causa large radiation and for mliich Ihe radiation correslioe P 

pad In Slap 6 ivill nol be applicable. meter 

g. Somellmes when the healing coil is ,„j|, , 

DOES give deflection hut Ihe ^ ,'ll, ,„,pped 

situation, checi: the heating coil end replace it or I 

current more ih.e, he rated 

r"r.n:rthr,”d';r“ 

buckle and gel spoiled. 

Source* of error 

j involved c-o not be determined very accu- 

The teen.-sturethreush™. eh. re... of the -«• 

h«-«^“J^;„.cft.e.pp.re'e. f-'" 
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precautions Is only an approximation. It docs NOT exactly 
account for the loss of heat due lo radiation. 

5. The thermometer also absoibs some heat atidil Is not 
taken into account. 

6. The wholeof the current as read by the ammeter does 
NOT pass through the heating coil. Apart of it (through very 
small) passes through (he voltmeter to cause deflection in it. 

7. Some cooling is caused due to evaporation of the liquid 
from its surface. 

B. The resistance of (he heating coil changes when its temper* 
ature rises on passing current. 

9. It is difficult to read exactly the temperatures which are 
not constant. A chsoging umperaiure involves some error in its 
measurement. 


Oral Questteas 

1. Stale first law of thermo dynamics tod derive Jouls't me* 
chaoical equnaleni of heat. 

2. What are the important ptecagi'cnt to be obsetved la this 
experiment and what are the sourcteef error ? 

3. U’hat is radiation loss 7 How Is U reduced and ho« a 
correction is applied to account for ihe radiation loss ’ 

■t Is there any upper limit for the potential diffeteBcc 
applied •’ 

Anv Yes, aboul C’phl volts. A large p. d. applied '•ill cause 
electrolysis and so the work done Vy cunent will wholly gtt 
coQieiied into heat. 

S. Can you detcmisc the spevifw heat vf a liquid by this 
method. 

An*. Ves. if I U flies tostv 

ti. V> hai is the maicnal rd she beiliag cd1I used 7 

Aas. In prisciple ite wire ahOblJ beef micgafiia ao that its 
resiitsace remaics eorstart with Increase b teaperata-t. However, 
since the ammeter and the voliaeicr c»ed are n« sesiUiie, ihe*e_ 
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can t defect any sncA ebanrgs fn fesfslance. So s wire of elchrcff 
IS used, nichroroc being cheap and possessing a high specifi' f*'* 
tance also. 

7. Is this an accurate method of determining I ? If 

not ? 

8. Enumerate other methods of determining I. \VhichcBf» 
the best and why ? 

9. Name the liquid you will prefer to use in this expe^ffie9^ 
hlodifictCioBs 


EXrERIME.Vr 19.2 


Object— Determine tbe water eqclriteni of Joalfi’cilBrl®*'" 
and determine yoar result by direct ealculatiens alto. CJffn 
XIO' ergs per calorie (K. U. 


Hint : 


i- 


W 

u 


m VCtXlO^ _ 
(sr*~wi ((ft 
VctXjO' 




Vet 

•I'lS 


-M 


...tit 


», irtbe water erjuieslein ,>( th« cw/yrlmeter, and .sMrtit* 
nsti cf •att' fontj/wJ in tha cat»rime(ar, | i« 1,‘ia Imia fn *«'"n’f» 
f^r wbn'h (he current is pasie-l. fba pr«v'a<{urc la (fia wnwatlo 
fi I. 


Urttt t*U»laiUim 
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determined from equation (t) can come out to be nega- 
tiie also. Think tvhy It can be so 1 

EXPERIMENT 19-3 


Object— NYItb tbe help of Jovle'e cMorSffleter, find Ifae specific 
beat of the slten liquid. Giten 3s4-2xl0^ es< per ctiorie. 

(R. U. 1966, 69) 

Hint : Use the given liquid in place of water and perform 
the eaperiment according to the dciaiis of caperiment 19'1 


Let M be tbe tnawofthe given liquid whose specific heat 
i» S. Then 


MS+w. 

MS 


S 


Vet X to* 

^Mh+w)(Q,-;0,r 

Vet X 10* 

Vet X 10' 
4-2XJ0’|Py.e,) 

Vet w 

“ M 

Vet m» 

■ 4'2 "KT 


where m if the mass of calorimeter and itirrer aodilstha 
specific heat of the material of the calorimeter (wspi) 


Modilicatloa 


IIXPCRIMENT 19-4 


Object— Wliboat asing voltBctef. ddcnnlBe the rrslitaace 
ofibebeitlo; ceil of Jaaie'i ratorlaeter. Vcflff poar malt hf 
Post Ornec Box. Cisfo Js4‘2XlV’crt'ealerIe (R. V. 1966, S9) 
W _ VrtXlO* ^ ctRiXtO* 

“ (M + »Xer<rl) 

- J(M*wt,-gr-g|l 
^ c^lC” 


i,. s. 

c*i 
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'Vliere the symSol* have Iheif ujuaf mjantos- For verifies- 
non. connect ihe cnJvof heatiagcoil through fti Ihicfc mriaff' 
rod*, ami connecting wires, Mfinite, fourth arm of Post Office Bes 
and f ind out the resistance as usual. Then compare the two vslars- 
hfadificalion 

EXTERIAfENT 19.5 

Object - Determine J irlib Joale's calorimeter qsloS copP«f 
Tolfamefer. 

Given E. C. E. of coppcr=0'000J29 gm/ceulomb 

Hint; V«--»Xl<y 

H (M + nXe^et) 

mass of copper deposited msiZtft or 

Join copper voltameter and Joule’s calorimeter Jfl stria »° 
that the same current passes through both for the same time f, >« 
which (IJ ra gms of copper is deposited on the cathodeof volts* 
meter and (2) M gras of water ceotained In Joule's calorimeter cf 
water equivalent w, gets heated up from to 9j*C. Substituting 
alJ.these values, J can be calculated. 
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Table- II Properties of Liquids 
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Table Ill-Refracllve iadex i» and ciitical angle { Foi 
sodium light) 


Material 

Refractive Crilial 
Index M 1 Angle 

Material, 

Refractive 
Index (* 

Criticil 

Angle 

Gla$s (Flint) 

l-fiS-l-Sdl 37* 

Water 

1-33 

48* 30' 

Glas«(cro\vn 

l'58-l-55| 41® 

Alcohol 

(CjHtOH 

1-36 


Ice 

1-301 1 ... 

Benzene 



Diamond 

2-24 1 24* 

ether 



Glycerine 

1-47 1 44* 39' 

Chloro- 

form 

1-41 


Turpentine 

Xerosine 

1-48 ‘ ... 

1*44 1 44* U' 

carbon-di- 

sulphide 

1-63 


Oil 

! . 

Any gas 




Table IV-Spedlic resistance and temperature coefficieots 


Material 

' 

Specific resistance 
(at 0*0 

Ohm cm 

Temperature 

coefficient 

per *C 

Aluminium 

2-82X 10-‘ 

•0039 

Copper 

1-71 .. 

•0040 

Iron 

8-8 .. 

•0062 

Zinc 

5-7 

•0040 

Lead 

20-9 „ 

;0043 

Platinum 

II'O 

•0037 

German silver 

10-4 .. 

•0023 

Brass 

6-0 .. 

•0010 

. (CU 70^. Zn 30-1 

Maoganio 

44-0 .. 

•00002 

(Cu Ni 4\ and ' 

Mn 12*1.1 , 

CoDstantan (Eurekal 

iPii fin* KTi . ' 

49-2 

•00001 
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Table-V Velocity of sound 


Medium 

(Gaseous) 

Velocity 
at 0°C 

Medit-m^ Velocity 
l{LiqJid)|’ at 28=C 

Medium 

(solid) 

Velocity 

! at 20*0 

Oxygen 

Hydrogen 

Nitrogen 

Carbon-di* 

oxide 

Air 

Water 

^apl.u.• 

I 316 ) Water | 1447 

I Metres/secTurpea- Metres/scc 
! 1262 .. 1 tine 1326 

338 1 

259 „ Alcohol 1 1275 .. 

332 Mercury 1 1047 „ | 

40, 1 1 I 

iAIuminiun] 5100 

iMetres/seC 
Iron 5lW .. 

'steel 

Capper 3560 .. 
Brass ' 3400 .. 
Gla.i 1 5000 .. 

) 


T«bl= VI-EItclro-raolive-fotcc ( C. M. r. ) of nil" 


internal rnisiance 


Cell 


r. M. r. Internal 


Daofe! cell 
Leclaache cell 
Weiion Cadmtum ceil 
Dkhfensfewli 
t^aJ'acojntulilor 

cell tNi-Pe cell) 


i JS Voilt 

1 5 

\ ( tal JO’C) 

:o 

2 I 


I to Sohtnt 

very hiiih I'R^ yfifn’) 

»ery lo-v 

(.01 to l)-I ohff't 

0 M>l to 01 


VII Eleetro ebrmleil C. P-f 

fmt per "t'* 


5il*<r 

CiTt^r 

Niaei 

Osjl'^ 


'Ofiiiiao 

(H.fJfUt 

'»/■•«« {»} 


APPF.NDEX 


m 


IX Some nsefal forcnulte 

circumferenw of a circle 
' DiameieroftKe circle (2r} 

Circumference of a circle— 2irr 

Area of a circle — jrr* (r>=radius) 

Surface area of a sphere —4rrra (r— radius) 

Area of the curved surface of a cylinder of length land 
js r 

-2jrrl 

4 

Volume of a sphere — -j- jrr* 


Volume of a cylinder — itf*l 


X CooTcrslon Tahle 


F. P. S. 1 

C. G. S. 1 

j F. P. S. 

C. G. S. 

1 Inch > •• 

1 Foot — 

1 sq. loch «• 1 
1 sq. foot - ' 
1 cubic foch — 

1 cubic foot— 

2-54 era 1 

30’4S cm 
d‘4$l sq. cm. | 
00919 jq. metre 
|6'39c.c. 1 

28-32 Litre 

1 Pound - 

1 I Ounce 

1 1 Poundat - 

1 Foot poundal — 

1 1 Morse power 

1 (8S0 foot pound 
per second) 

453-6 gm 
, 2S‘3S gm 

13825 dynes 
, l-3$6xl0'«g» 
-1-356 /ouIeS 

1 -746 watts 
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LOGARITHMS 








4?rr;tA-,AFtri)if5 



m 


ANTILOGARITHMS 
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